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In past years, the overhead loudspeaker call of “Anesthesia to 
delivery room one, STAT!” was frequently the method by which anes- 
thesiologists were first introduced to their obstetric colleagues and 
their patients. Such an introduction often sent terror through the anes- 
thesiologist’s heart as he started off toward unknown problems and 
uncertain dangers. Fortunately for all concerned, this scenario is on 
the decline. Obstetric anesthesia is now a recognized subspecialty 
discipline and virtually all anesthesiology residents receive training 
in this field. Obstetric anesthesiologists work quite closely with the 
obstetrician, the parturient, the neonatologist, and the obstetric nurse 
to ensure proper and appropriate care for both mother and infant. This 
level of communication and information exchange is critical to pro- 
viding the highest possible level of care and absolutely essential to 
the management of the high-risk pregnancy. The anesthesiologist who 
functions as a valuable consultant member of the obstetric health care 
team is familiar with the physiologic changes of pregnancy and their 
influence on disease states, the process of parturition and the potential 
problems lurking therein, and the specific disorders of pregnancy as 
well as the knowledge and skills inherent in the practice of anesthe- 
siology. 

This issue of Anesthesiology Clinics of North America deals with 
some of the current topics of interest in obstetric anesthesia. The 
reader, whether a full-time obstetric anesthesiologist or an occasional 
participant will find that although many of the topics are familiar, new 
and often controversial viewpoints are presented. Included in this 
volume are updates on the pharmacology of local anesthetics with a 
focus on obstetric usage, the tocolytic agents, the oxytocic drugs, and 
the prostaglandins used in obstetric practice today. Each of these is 
of special interest to the anesthesiologist as they have a significant 
influence on anesthetic administration and potential drug interac- 
tions. The use of systemic analgesics for labor analgesia is still utilized 
for approximately 50% of laboring patients. Is this appropriate? Epi- 
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dural analgesia is certainly no longer considered a unique luxury. 
Appropriate techniques and subtle modifications are explored and dis- 
cussed in this issue. The pregnant patient who must present for sur- 
gery during gestation is a particularly vexing situation. What, if any, 
is the correct anesthetic approach? How should this patient be mon- 
itored? Which drugs should be avoided? The preeclamptic patient 
may suffer from multiorgan failure. What should we look for? Which 
anesthetic technique is most appropriate for cesarean section? How 
do we control blood pressure? The introduction of spinally admin- 
istered opiates has provided anesthesiologists with a wealth of op- 
portunities to participate in the postoperative care of patients. This 
has been especially true for the post-cesarean section patient who 
desires a rapid recovery and an opportunity to enjoy her newborn and 
her family while in the hospital. Approaches to providing postoper- 
ative analgesia are explored in this edition as well as a review of post- 
cesarean section complications. The pregnant patient with serious 
medical disease requires expert critical care management. The reader 
is presented with the essentials of such care and the interpretation of 
laboratory and physical findings as they are influenced by both the 
physiologic changes of pregnancy and the medical illness. The final 
article yields the most current information on the acquired immune 
deficiency syndrome, the modern plague that incredibly, has already 
invaded the obstetric suite. Management of these patients requires 
special consideration for the parturient, the infant, and the health care 
providers themselves. These questions, issues, controversies, and 
frontiers are discussed by highly qualified, actively practicing phy- 
sicians in their respective fields. 

I am confident that the reader will find the information presented 
here more than just a repetition of prior knowledge and useful in 
clinical practice. I wish to express my great appreciation to the authors 
who have organized and presented the material in this volume while 
maintaining their busy practices. I also thank Margaret Burns, the 
editor of this series, for her kind words of reassurance and guidance 
during the preparation of this issue. Finally, I thank the pioneers in 
obstetric anesthesia for the dedication and persistence that has 
Aas the anesthesiologist into the delivery suite on a permanent 

asis. 
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Guest Editor 
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Foreword 


Obstetric anesthesia in the United States has undergone an ex- 
citing evolution through the last three decades. Initially a subspecialty 
engaged in by just a dedicated few, it has emerged as an integral part 
of the practice of most anesthesiologists. Indeed, the anesthesiologist 
is now considered by all to be an essential member of the obstetric 
care team. 

Through this period of increasing importance and emergence, we 
have learned a great deal about maternal and fetal physiology and the 
effects of anesthesia on both of these patients. We have gained insight 
into the hypertensive disorders of pregnancy and have been instru- 
mental in advancing the critical care of these patients. The last 10 
years have witnessed a significant increase in our knowledge of local 
anesthetic pharmacology and neurotoxicity. The CNS action of opioids 
has been elucidated and applied to both labor analgesia and post- 
cesarean section pain management. Our obstetric colleagues continue 
to challenge us with the systemic effects of new uteroactive drugs, 
e.g., the tocolytics and the prostaglandins and a new disease, autoim- 
mune deficiericy syndrome, has appeared to challenge us all. Our 
knowledge and our anesthetic techniques (both regional and general) 
have evolved into an era of fine-tuning our approach to the obstetric 
patient, both normal and high-risk, to provide the optimal care for both 
the mother and her infant. This issue incorporates this information 
and is, therefore, a timely update and perspective of current obstetric 
anesthesia and perinatal medicine by actively involved experts. 

Laurence S. Reisner, MD, the guest editor of this issue of Anes- 
thesiology Clinics is especially qualified as an editor in this field. He 
began his medical career as an obstetrics and gynecology resident and 
evolved, several years later, into an anesthesiologist with a primary 
interest in obstetric anesthesia. Vested in both specialties, he has been 
a very able director of obstetric anesthesia training programs during 
the past 15 years. His excellent obstetric anesthesia service at UCSD 
is coupled to an outstanding reproductive medicine program; these 
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divisions have a high degree of mutual respect and interact in such a 
manner as to provide excellent care for a parturient population that 
has a high proportion of high-risk patients. The excellent clinical care 
is paralleled by excellent teaching and contributions to the anesthe- 
siology literature. Through his many anesthesia and obstetric asso- 
ciations he has come to know those who both best practice and teach 
the art and science of obstetric anesthesia. These actively involved 
physicians are the authors of the articles in this issue. Thus, both the 
subject matter at hand and the expertise of the editor and the authors 
make “Obstetric Anesthesia” a very compelling issue of Anesthesiol- 
ogy Clinics to read. 


JONATHAN L. BENuMor, MD 
Consulting Editor 


Professor 

Department of Anesthesia 

University of California, San Diego 
Anesthesia Research Laboratory, T-001 
La Jolla, CA 92093 
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Pharmacologic Aspects of Local 
Anesthetic Use 


Esther C. Janowsky, MD* 


THE NERVE 


Impulse Transmission 


Local anesthetics (LA) are extremely useful agents in clinical 
medicine because of their ability to temporarily interrupt the trans- 
mission of nerve impulses. The nerve membrane is the structure most 
important for transmission of nerve impulses; it separates the axo- 
plasm, a milieu rich in potassium (K*) from a sodium (Na*) rich en- 
vironment, the extracellular space. Because of these ionic gradients, 
an electrochemical potential of approximately —90 mV exists across 
this membrane with the interior of the cell being negative with respect 
to the exterior. In this state, the nerve is polarized (Fig. 1). Details of 
transmembrane ionic movements are discussed elsewhere.’® 

Impulse blockade by LA occurs by selective inhibition of sodium 
channels (Fig. 2). The normal function of the channel is interrupted 
primarily because it cannot open during a depolarization. Sodium 
channels, potassium channels, and even calcium channels are inhib- 
ited by traditional LA. This lack of selectivity diminishes the impulse- 
blocking potency of local anesthetics; to the extent that a drug blocks 
K* channels in addition to Na* channels, it is less potent than if it 
blocked Na* channels alone.”® 


Differential Blockade 


Mammalian nerve fibers are grouped into three categories, based 
on fiber size and conduction velocity (Table 1). 

Traditionally, sensitivity to LA was thought to be inversely related 
to fiber size. Newer studies have caused some rethinking of this view. 
Recent investigations of the in vitro sensitivities to local anesthetic 
block of A, B, and C fibers in rabbit vagus nerves have consistently 


* Assistant Research Professor of Anesthesiology, University of North Carolina at Chapel 
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Figure 1. Relationship between membrane action potential and ionic flux across 
the nerve membrane. (From Covino BG, Vassallo HG: Local Anesthetics, Mechanisms 


of Action and Clinical Use. Grune & Stratton, 1976; with permission.) 
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Figure 2. Functional components and possible “states” ofa sodium channel. (From 
Wildsmith JAW: Peripheral nerve and local anaesthetic drugs. Br J Anaesth 58:692- 


700, 1986; with permission.) 


PHARMACOLOGIC ASPECTS OF LOCAL ANESTHETIC USE 3 


Table 1. Categories of Mammalian Nerve Fibers 


FIBER DIAMETER CONDUCTION 
(x) VELOCITY (m/sec) TYPE AND FUNCTION 
A 
a, B, y, ô 1-22 10-120 Myelinated motor 

proprioception 
sensory 

B 1-3 10-20 Myelinated 
autonomic 

0.3—1.3 0.5-2 Unmyelinated 


autonomic sensory 


demonstrated that A fibers are the most and C fibers the least sensitive 
to blockade by local anesthetic agents (Fig. 3).2% 3% 83 Equipotent 
concentrations of esters and amides block C fibers at approximately 
the same rate, but the absolute and relative rates of development of 
A fiber blockade are related to lipid solubility; agents with greater 
lipid solubility block A fibers at a more rapid rate than agents of lesser 
lipid solubility. Rate of onset of block appears faster in slow-con- 
ducting fibers, probably because there is less of a diffusion barrier 
surrounding the smaller fibers; this reflects what is usually seen clin- 
ically. At steady-state equilibrium block, intrinsic nerve membrane 
sensitivity to the blocking action of LA is greater in fast fibers because 


—_— A fibres ——— B fibres. 6.54 C fibres 
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Figure 3, Dose-response relationships for the effect of three amide local anesthetics 
(lidocaine and two analogues) on three fiber types. Desheathed rabbit vagus in vitro; 
carbonated Liley solution; 23 to 26 °C; pH 7.4. (From Wildsmith JAW, Gissen AJ, Tak- 
man B, et al: Differential nerve blockade: Esters vs. amides and the influence of pKa. 
Br J Anaesth 59:379-384, 1987; with permission.) 
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Figure 4. Epidural analge- 
sia in labor. Quality of sensory 
and motor blockade with various 
analgesic solutions. Each point 
is the mean of 20 to 50 cases. 
Note the dissociation between 
intensity of motor and sensory 
blockade with the four agents 
tested and the most favorable 
ratio of sensory to motor block 
with bupivacaine. (From Brom- 
age PR: Epidural Analgesia. 
EF a6 <0 a6 Philadelphia, Saunders, 1978; 

% Sensory Score with permission.) 
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of a lower margin of safety for transmission.?” Furthermore, the rela- 
tive position of the fiber in nerve bundles will provide rapid or slow 
exposure to blocking concentrations of LA. The ideal agent for ob- 
stetric anesthesia would include among many other properties the 
ability to create a high quality of analgesia with minimal motor block; 
bupivacaine in low concentrations approaches this ideal (Fig. 4). 


Pregnancy and Nerve Function 


Pregnancy may affect nerve sensitivity to LA.” The time required 
for 50% depression of the action potential of A, B, and C vagal fibers 
from pregnant and nonpregnant animals was determined after the ap- 
plication of bupivacaine (Fig. 5). Onset time for conduction blockade 
in each type of nerve fiber was faster in fibers from pregnant as op- 
posed to nonpregnant animals and the differences were highly sig- 
nificant. In addition, preliminary findings suggest a slowing of nerve 
conduction velocity in humans with the progression of pregnancy.” 
An animal study has demonstrated a significant reduction in A-fiber 
conduction velocity during pregnancy but not in that of B or C fibers.”® 
Mechanisms suggested for altered nerve function during pregnancy 
include changes in hormonal levels during pregnancy, which may 
decrease local anesthetic requirements, increased vascularity of the 
meninges, which could enhance drug transfer across the dura mater, 
hormonally induced alteration of the intercellular connective tissue 
matrix facilitating diffusion of LA across the nerve sheath, and other 
biochemical changes such as decreased buffering capacity that may 
sensitize nerves to LA. In the intact animal or human, mechanical 
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Figure 5. A fibers. Log-linear plot illustrating the effect of pregnancy on the re- 
duction of peak-compound-action-potential amplitude of A fibers as a per cent of control 
after 30 minutes exposure to different concentrations of bupivacaine. The linear regres- 
sion equation for pregnant subjects was per cent block = 30.57 + 153 log (bupivacaine 
[M] x 10*). The Cm = 0.134 mMol. In nonpregnant subjects, the linear regression 
equation was per cent block = 16.1? + 136 log (bupivacaine [M] x 104). The Cm = 
0.178 mMol; Cin is the concentration of bupivacaine corresponding to 50% block, "P 
< 0.001. (From Flanagan HL, Datta $, Lambert DH, et al: Effect of pregnancy on 
bupivacaine-induced conduction blockade in the isolated rabbit vagus nerve. Anesth 
Analg 66:123-126, 1987; with permission.) 


factors such as engorgement of the epidural veins from obstruction of 
the inferior vena cava by the pregnant uterus may cause increased 
spread of LA solutions and a decreased requirement for LA. Elevated 
progesterone levels reduce requirements for general anesthetics and 
may be involved in altered sensitivity to LA.*® 68 


LOCAL ANESTHETIC CONSIDERATIONS 


Structure-Activity Relationship 


Clinically useful LA fall into either one of two categories based 
on their chemical structure. Amino esters (procaine, chloroprocaine, 
tetracaine) contain an ester linkage between the aromatic and hydro- 
philic portions of the molecule. Amino-amides (lidocaine, mepiva- 
caine, prilocaine, bupivacaine, etidocaine) have an amide link be- 
tween the aromatic and hydrophilic portions of their molecules (Table 
2). The two groups of local anesthetics differ primarily in their aller- 
genic potential and in their routes of metabolism. Para-aminobenzoic 
acid is one of the metabolites formed from the hydrolysis in plasma 
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of ester-type compounds and can produce allergic reactions. Amino- 
amides are metabolized in the hepatic microsomal system and do not 
produce para-aminobenzoic acid, hence allergic reactions are much 
less common. In addition, studies have suggested that the ester struc- 
ture may have an inherently more potent action than the amino-amide 
structure at equivalent partition coefficient values (Fig. 6).°° 

With both the ester and the amide agents, the absolute local an- 
esthetic potency correlates well with lipid solubility; however, an 
ester has an EDso between one-half and one-sixth that of an amide of 
equal lipid solubility. Two possible explanations for the greater po- 
tency of the esters have been advanced.”* 78 First, the amide bond is 
much “bulkier” and may physically restrict the access of the drug 
molecule to its binding site. Second, the 0-methyl groups present on 
the aromatic ring of lidocaine and its analogues may also interfere 
with binding to a receptor by causing the adjacent carbonyl oxygen 
to project away from the molecule. 


Physicochemical Properties 


Lipid Solubility. In general, potency increases as a function of 
lipid solubility until a partition coefficient of about 4 is reached. Fur- 
ther increases in lipid solubility do not appear to cause a further en- 
hancement of anesthetic potency.2® 7© Lipid solubility facilitates 
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movement across cell membranes, all other factors being equal, and 
lipid solubility also enhances a drug’s ability to cross membrane bar- 
riers such as the placenta and the blood-brain barrier. In addition, 
lipid solubility is related to local anesthetic toxicity. 

pKa In solution, the LA exists both as uncharged molecules or 
base (R = N) and as charged species or cations (R = NH +), The relative 
amounts of base and cation present will be determined by the pK, of 
the specific compound and the pH of the solution. This relationship 
ea the Henderson-Hasselbach equation, may be expressed as fol- 
OWS: 


(R = N) base 
pK, = pH = log (R = H*) cation 

The uncharged form of the molecule penetrates the nerve mem- 
brane, and the charged form combines with the receptor on the axo- 
plasmic portion of the membrane to block sodium movement (Fig. 7). 
It follows from this that LA with pK, values near pH 7.4 will have a 
greater proportion of uncharged molecules available when applied to 
a nerve and will have a shorter latency than those agents with high 
pKa values. To a great extent, this is what is seen clinically. The short 
latency of chloroprocaine in spite of its pK, of 8.9 is probably related 
in part to the high concentration (2%, 3%) of the drug used, depositing 
a relatively large number of uncharged molecules near the nerve al- 
though the number of charged molecules present is even higher.”® 

Protein Binding. Protein binding of LA is related to duration of 
action, is important in determining the potential for a toxic reaction 
by virtue of the amount of free versus bound drug in the blood, and 
may play some role in determining how much LA will reach the fetus. 
Most of the information regarding the protein binding of LA to their 
receptor, thought to be primarily protein, has been obtained from stud- 
ies involving the binding of these drugs to plasma proteins. It is as- 
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Figure 7. Access path of local anesthetic to sodium channel. (From Wildsmith JAW: 
Peripheral nerve and local anaesthetic drugs. Br J Anaesth 58:692—700, 1986; with per- 
mission.) 
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sumed that there is a relationship between the plasma protein binding 
of LA and the degree of binding to membrane proteins.”® 

Amide-type agents are bound mainly to alpha;-acid glycoprotein 
(AAG), an acute phase protein; considerable variation in the plasma 
concentrations of this protein is a major source of variability in free 
drug fraction.®! Albumin also binds LA but is a low affinity site. Preg- 
nancy is one of a variety of conditions that may alter AAG levels, re- 
sulting in changes of free bupivacaine plasma concentration and thus 
the potential for toxic reactions.?® 54 Total plasma bupivacaine con- 
centrations may not give an accurate assessment of the risk of toxicity 
if accompanied by an elevation in AAG levels; the free fraction of 
plasma bupivacaine may actually be reduced under these circum- 
stances.°4 The reverse would be true if AAG levels were decreased, 
as may occur during pregnancy. 

Alexander! looked at the effects of hypercarbia on plasma lido- 
caine binding in humans. He saw decreased lidocaine protein binding 
while total plasma lidocaine remained constant; this would seem to 
indicate that the free fraction of lidocaine increased under conditions 
of respiratory acidosis and thus increased the risk of toxicity. This 
investigation complements the work done by Englesson** to examine 
the influence of acid-base changes on local anesthetic toxicity in the 
central nervous system (CNS), 

The role of protein binding in limiting the amount of local an- 
esthetic transferred to the fetus is complicated. Morishima measured 
blood and tissue LA levels in pregnant guinea pigs after maternal 
intravenous administration of lidocaine or etidocaine. Despite the 
higher percentage of protein binding of etidocaine compared with 
lidocaine, there were similar fetal tissue levels for both drugs, implying 
a similar degree of placental transfer.” Fetal:maternal plasma con- 
centrations (F:M) of the highly protein-bound LA (bupivacaine, eti- 


100 Bu 


Pivacaine - Adult 


a 
=) 


Figure 8. Protein binding of 
60 Fetal LAs. Placental transfer of LAs. 
Li à mea: Relative proportions of bupiva- 

Scaine . Adu) TP caine and lidocaine bound to 


% Bound in Plasma 


40 plasma proteins in adult and 
fetal blood at concentrations be- 

lidoca; tween | and 5 pg per mL. (From 

a Om mm Ne ~ Fetal Bromage PR: Epidural Analge- 


“mamam sia. Philadelphia, Saunders, 

1978; with permission. Adapted 

from Tucker GT, Boyes RN, Bri- 

denbaugh PO: Anesthesiology 

o l 2 3 4 5 33:304-314, 1970; with permis- 
Plasma Concentration yg/ml sion.) 





PHARMACOLOGIC ASPECTS OF LOCAL ANESTHETIC USE ll 


docaine) are low, ranging from 0.14 to 0.44, whereas less highly pro- 
tein-bound drugs (lidocaine, mepivacaine) ‘have F:M ratios of 0.5 to 
0.7.©° It has been suggested that the low F:M of bupivacaine may be 
due to extensive tissue uptake by the fetus rather than relatively slow 
placental transfer. Carson,'® however, was unable to demonstrate 
a progressive increase in fetal brain bupivacaine concentration over 
time using a rabbit model. Fetal brain:plasma ratios did exceed ma- 
ternal ratios, but maximum fetal brain concentration of bupivacaine 
was 0.27 to 0.86 of maternal. Fetal AAG levels are lower than ma- 
ternal levels and may account for the elevated brain:plasma ratios seen 
in the study (Fig. 8). Thus, there are implications for the development 
of toxicity in spite of low total fetal plasma bupivacaine concentrations, 
since free fraction of the drug may be elevated, particularly if there 
is any significant degree of fetal acidosis. 


EPINEPHRINE 


When large amounts of LA are used in nonobstetric settings, epi- 
nephrine is almost always incorporated in the local anesthetic injec- 
tion, or in the test dose, in a concentration of 1:200,000 or 5 pg per 
mL. Epinephrine 1:300,000 (3.33 ug per mL) has been used clinically 
in obstetric anesthesia, as well as epinephrine 1:200,000, and seems 
to be equally effective in prolonging the duration of local anesthetic 
activity.» & 31 

Epinephrine serves several very important functions. First, it acts 
as a tracer to detect accidental intravascular injection; the usual test 
dose of 3 mL of local anesthetic with 15 wg of epinephrine will cause 
transient tachycardia and possibly hypertension in the non-B-blocked 
patient.°’ There will also be subjective feelings of nervousness, ap- 
prehension, and palpitation, all serving to warn of an intravascular 
injection. In addition, epinephrine tends to reduce the amount of LA 
reaching the circulation by decreasing uptake from the site of injection 
(Table 3). This is less true for lidocaine after subarachnoid than after 
epidural injection and is an inconsistent finding following bupiva- 
caine epidural injection (Table 4). & 3° °° Differences in inherent 
vasodilator activity among the agents, as well as a complex interaction 
between site of injection, amount of fat present, and lipid solubility 
may explain some of the variability seen. Nevertheless, a reduction 
in the level of LA in the circulation reduces the risk of LA toxicity, 
all other factors being equal. Finally, epinephrine enhances LA ac- 
tivity, causing a greater degree of motor block and a longer duration 
of anesthetic action’; these effects are seen both with epidural li- 
docaine and bupivacaine. 1,6, 31 These effects of epinephrine have 
been attributed to its localized vasoconstrictor activity, causing de- 
creased removal of the drug from the site of injection and prolonged 
contact between drug and nerve. An additional contribution may be 
a direct analgesic effect via the a-adrenergic nociceptive system in 
the spinal cord dorsal horn.®° 
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Table 3. Plasma Concentrations of Lidocaine (pg/mL) 





Maternal vein 
Umbilical vein 
Umbilical artery 
Umbilical vein/ 


GROUP I 


Lidocaine with 


Epinephrine 
(No. of samples) 


1.32 + 0.17 (9) 
0.56 + 0.08* (9) 
0.61 + 0.14 (7) 
0.42 + 0.03* (9) 


GROUP TI 


Lidocaine Alone 
(No. of samples) 


1.84 + 0.18 (10) 
1.23 + 0.26 (10) 
1.20 + 0.28 (9) 

0.67 + 0.08 (10) 


maternal vein 
ratio 


Values are mean + the standard error of the mean. 
* P < 0.05 compared with group II patients as determined by Student’s t-test. 
From Abboud TK, David S, Costandi J, et al: Comparative maternal, fetal and neo- 


natal effects of lidocaine versus lidocaine with epinephrine in the parturient. Anesth 
Analg 63:973-~-977, 1984; with permission. 


There has been a hesitancy to use epinephrine with LAs in ob- 
stetrics.” There is concern that the accidental intravascular injection 
of 15 wg of epinephrine in a test dose will cause uterine artery vaso- 
constriction and decreased uterine blood flow (UBF); this does occur 
transiently and is of the magnitude and duration of that decrease in 
UBF occurring during a single uterine contraction (Fig. 9).44 
Larger amounts of epinephrine, from 50 to 100 yg, injected with LA 


Table 4. Plasma Concentrations of Bupivacaine (g/mL) 


GROUP I GROUP II 
Bupivacaine 
with Bupivacaine 
Epinephrine Alone 
(No. of samples) (No. of samples) 
Maternal vein 
10 minutes after 0.56 + 0.07 (13) 0.43 + 0.04 (16) 
injection 
At time of delivery 0.57 + 0.17 (13) 0.45 + 0.12 (15) 
Umbilical vein 0.19 + 0.10 (13) 0.15 + 0.04 (15) 
Umbilical artery 0.17 + 0.10 (12) 0.13 + 0.04 (13) 
Umbilical vein/maternal 0.27 + 0.12 (13) 0.31 + 0.08 (15) 


vein (at time of 
delivery) 





Values are mean + the standard error of the mean. No significant differences be- 
tween groups by Student’s t-test. 

From Abboud TK, Sheikh-Ol-Eslan A, Yanagi T, et al: Safety and efficacy of epi- 
nephrine added to bupivacaine for lumbar epidural analgesia in obstetrics. Anesth Analg 
64:585--591, 1985; with permission. 
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Figure 9. Alteration in uterine blood flow following intravenous injections of bu- 
pivacaine, epinephrine, and bupivacaine-epinephrine solutions. (From Hood DD, 
Dewan DM, Rose JC, et al: Maternal and fetal effects of intravenous epinephrine con- 
a solutions in gravid ewes. Anesthesiology 59(Suppl):A393, 1983; with permis- 
sion. 


into the epidural space have minimal effect on intervillous blood flow 
(IVBF) providing maternal blood pressure is maintained. !®™ 46 

The hemodynamic effect of epinephrine absorbed from the epi- 
dural space is a B effect with vasodilation of vessels in skeletal muscle, 
a decrease in systemic vascular resistance, a decrease in mean arterial 
blood pressure, and an elevation in cardiac output. The fall in blood 
pressure can be prevented to a great extent by adequate volume ex- 
pansion and left uterine displacement. The incidence of hypotension 
was not increased in patients receiving epidural bupivacaine with 
epinephrine for labor or cesarean section in studies by three inves- 
tigators.® 31 50 

Of equal concern has been the 8 effect of epinephrine on the 
uterus, which tends to decrease the force and frequency of uterine 
contractions and may prolong the second stage of labor. Eisenach’s 
study showed no significant difference between the length of first or 
second stage of labor in patients receiving bupivacaine with epi- 
nephrine compared with those receiving plain bupivacaine.’? There 
was no comment on the need to augment labors in either group. 

To the extent that epinephrine decreases maternal blood levels 
of local anesthetic, an effect more pronounced with lidocaine than 
bupivacaine, there will be a reduced amount of drug transferred to 
the fetus and a reduction in the risk of maternal local anesthetic tox- 
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icity. This must be balanced with the potential risk of a transient de- 
crease in IVBF should an intravascular injection occur. Each maternal/ 
fetal pair has to be evaluated individually in this regard. 

Moore has suggested that the use of epinephrine containing LA 
solutions facilitates resuscitation in the event of accidental intravas- 
cular injection with toxicity. The epinephrine may prevent profound 
LA-induced myocardial depression as has been reported with intra- 
vascular injections of bupivacaine.” ® This has not been confirmed 
experimentally.°? 


PH ALTERATION 


Dextran 


To improve the efficiency of regional anesthesia in the clinical 
setting there have been attempts to increase the speed of onset and 
prolong the duration of action of LA. Loder”? reported that dextran in 
a 50:50 mixture with lidocaine prolonged the duration of clinical nerve 
blocks from approximately 1.75 to 8.75 hours. Other studies have pro- 
duced conflicting results, some showing prolongation, others not.?” 74 
Rosenblatt™ proposed that dextran’s major attribute is its alkalinity; 
thus, its mode of action as a LA adjuvant is analogous to that of sodium 
bicarbonate added to LA.’* The inconsistent results obtained with 
dextran have been attributed to the different pHs of the various prepa- 
rations used. 


Sodium Bicarbonate (NaHCOQ3) 


Direct alkalinization of LA solutions with NaHCQs has been eval- 
uated with regard to its effect on latency and duration of action.®” 
Alkalinization favors the production of anesthesia through conversion 
of the ionized (water soluble) form to the nonionized (lipid soluble) 
form, since the LA are weak bases with pK, values greater than 7.4. 
Experimentally, pH-adjusted lidocaine reduced the time to onset of 
nerve block in a linear fashion with incremental increases in pH. A 
clinical study confirmed a shorter latency for alkalinized lidocaine (1 
mEq NaHCO; added to 10 mL of anesthetic solution [pH 7.0]), in 
epidural anesthesia for cesarean section.°® The study compared li- 
docaine plus epinephrine, 1:200,000, pH adjusted, with lidocaine plus 
epinephrine, commercial preparation (pH 4.5 to 5.0); in addition to 
differences in latency, there were significantly greater magnitudes 
and rates of decline in systolic blood pressure with alkalinized lido- 
caine plus epinephrine as compared with regular lidocaine plus epi- 
nephrine between 2 and 6 minutes after injection, which may be anal- 
ogous to the hypotension that occurs during spinal anesthesia 
reflecting rapid onset of sympathetic blockade. 

Addition of NaHCO; to bupivacaine has been evaluated; precip- 
itation forms readily when NaHCO; is added to bupivacaine solutions 
and limits the degree to which the pH may be raised. Tackley” added 
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0.15 mL of 8.4% NaHCO; to 10 mL 0.5% bupivacaine with epinephrine 
1:200,000 for a pH 6.3 and compared this with plain bupivacaine 0.5% 
pH 5.0 in epidural anesthesia for cesarean section. There was a more 
rapid onset of sensory and motor blockade in parturients receiving the 
alkalinized solution. Bavoux et al! increased the pH of 0.25% bupi- 
vacaine to 7.1 and 7.3 with sodium bicarbonate and noted no effect 
on latency but a linear increase in duration of analgesia with increas- 
ing pH in epidural analgesia for labor; there was no mention of pre- 
cipitate formation. Similarly, McMorland,™ using alkalinized bupi- 
vacaine in term parturients, found a statistically significant increase 
in duration of sensory analgesia. Alkalinized bupivacaine (pH 6.87) 
failed to shorten onset of action of spinal anesthesia in elderly patients 
for orthopedic surgery.” Finally, two recent studies have examined 
the effect of alkalinizing 2-chloroprocaine with sodium bicarbonate ` 
and looking at the quality and duration of subsequent epidural bu- 
pivacaine analgesia during labor and at the quality of post~cesarean- 
section analgesia with epidural morphine.”” 45 Neither study dem- 
onstrated a difference between alkalinized and control preparations. 


Carbonated Lidocaine 


The pH of carbonated lidocaine, 6.5, is similar to that of plain 
lidocaine solution. Bromage et al? evaluated carbonated lidocaine in 
the clinical setting and found it superior to lidocaine hydrochloride 
in the quality of analgesia and the degree of motor block it produced. 
Subsequent clinical studies have differed in the ability to demonstrate 
unequivocal superiority of the carbonated preparation over the hy- 
drochloride salt. 5> 62: 63.67 Two of the most recent studies demonstrate 
that lidocaine hydrocarbonate produces a more rapid initial onset of 
sensory anesthesia as well as a more profound degree of motor block- 
ade than lidocaine hydrochloride; there was no significant difference 
in duration of sensory and motor blockade between the two formu- 
lations.®: 87 The effect of the carbonated preparation is more profound 
than can be explained solely on the basis of pH adjustment. Possible 
mechanisms by which carbon dioxide could potentiate the action of 
LA include (1) a direct depressant effect on the axon by carbon dioxide, 
(2) increased concentration of LA inside the nerve trunk (diffusion 
trapping), and (3) the conversion of LA to the active cation through 
the effect of COzg on pH at the site of action inside the nerve.’® In- 
terestingly, carbonation of bupivacaine does not bring about a signif- 
icant improvement in clinical performance when compared with the 
hydrochloride salt.° 


DRUG INTERACTIONS 


H2-Antagonists 


Prophylactic administration of He-antagonists has been advocated 
to reduce the probability and sequelae of aspiration of gastric contents 
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when pregnant patients require anesthesia. Cimetidine and raniti- 
dine, the latter to a lesser extent, have been shown to reduce drug 
elimination by the liver through a reduction in liver blood flow and 
by inhibition of microsomal enzymes. Feeley et al®* 35 found reduced 
clearance and increased toxicity of lidocaine by cimetidine, but failed 
to show a similar effect for ranitidine. In healthy male volunteers, two 
oral doses of cimetidine 400 mg given 10 hours apart caused a re- 
duction in systemic clearance of bupivacaine. This was probably due 
to an effect of cimetidine on the metabolism of bupivacaine rather 
than any effect if present on hepatic blood flow because bupivacaine 
has a relatively low hepatic extraction ratio. Ranitidine 150 mg given 
on the same schedule had no significant effect on bupivacaine clear- 
ance.** Ranitidine 150 mg and cimetidine 400 mg in single oral doses 
given to term parturients prior to elective cesarean section with 0.5% 
bupivacaine epidural anesthesia were not associated with significant 
elevations of the plasma bupivacaine concentration, although levels 
were higher than in control patients.°° In no case did the bupivacaine 
level exceed 0.8 to 0.9 wg per mL and the UV:MV ratio was around 
0.3 in control and study patients. 


FETAL EFFECTS OF LOCAL ANESTHETICS 


Local anesthetics administered to the mother have direct effects 
on the fetus, determined by the actual amount of drug in fetal tissues. 
The transfer of drugs across the placenta occurs by passive diffusion 
and the rate of diffusion is proportional to the concentration gradient 
across the placenta and to the surface area available for diffusion. It 
is inversely proportional to the thickness of the membrane. Placental 
transfer is also determined by size of the drug molecule, the degree 
of ionization (which is related to pK, and maternal and fetal pH), lipid 
solubility, and the degree of binding to plasma protein. Other im- 
portant factors include uteroplacental blood flow and placental drug 
binding. In addition, there may be indirect effects of LAs on the fetus 
through alteration of placental perfusion by means of changes in ma- 
ternal cardiac output, peripheral resistance, oxygenation, and venti- 
lation. Each maternal/fetal unit presents its own unique set of circum- 
stances in which drug effect may be exhibited. Reduced placental 
perfusion may decrease the amount of drug transferred to the fetus, 
but the resulting acidosis in the fetus will cause a redistribution of 
the circulation with increased blood flow to brain and myocardium, 
increased ionization of the drug with “trapping” in the fetal circula- 
tion, reduced protein binding with an increase in the free fraction of 
circulating drug, and greater exposure of vital organs to potentially 
toxic amounts of local anesthetic. 


Neurobehavioral Evaluation 


Traditionally, the condition of the neonate after delivery has been 
evaluated by Apgar scores and acid-base status. In an attempt to gain 
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Table 5. Elimination Rates of Local Anesthetics in the Adult and 





Neonate 
ELIMINATION HALF-LIFE 
SITE OF 

METABOLISM Adult Neonate 
Bupivacaine Liver 3.5 hours <2 hours 
Etidocaine Liver 2.6 hours — 
Lidocaine | Liver 1.6 hours 3 hours 
Mepivacaine Liver 1.9 hours 9 hours 
Chloroprocaine Plasma 21 seconds 43 seconds 


From Ralston DH, Shnider SM: The fetal and neonatal effects of regional anesthesia 
in obstetrics. Anesthesiology 48:34--64, 1978; with permission. 


information on the more subtle and delayed effects possibly related 
to obstetric anesthesia and analgesia, neurobehavioral studies have 
been widely used over the past 15 years.4} 4% 75. 80 Two of the tests 
used most commonly and reported in the anesthesia literature are the 
Early Neonatal Behavioral Scale (ENBS) introduced by Scanlon in 
1974, and the Neurological and Adaptive Capacity Score (NACS) de- 
scribed by Amiel-Tison et al in 1982.!% 75 Both evaluations are based 
on aspects of newborn motor performance and response to stimuli as 
recorded by trained observers, take 10 to 15 minutes to perform, and 
are done at standardized times following delivery, for example, 2 hours 
of age, 24 hours of age, 2 hours after feeding. However, when applied 
clinically, the studies have given considerable variation in results. 
Initial reports stated that lidocaine and mepivacaine epidural anal- 
gesia in the mother caused selective depression of motor performance 
in the neonate.’ 8° However, this has not been confirmed for lido- 
caine or mepivacaine by subsequent studies.) ® 5 22, 23 Mepivacaine 
is rarely used now in obstetric anesthesia because of the awareness 
that the neonate is unable to metabolize the drug and must excrete it 
in the urine over time (Table 5). The literature also contains conflict- 
ing information regarding the effects of bupivacaine and chloropro- 
caine on neonatal neurobehavioral function.*” * In general, the direct 
effects of local anesthetics on the neonate from maternal epidural anes- 
thesia seem to be minimal. There are few statistically significant ef- 
fects, and these are transient and so small that they probably lack 
clinical significance.** 8° Of far greater importance is maternal hypo- 
tension, with or without subsequent perinatal asphyxia. Hollman et 
alt? found that the infants whose mothers experienced the greatest 
decrease in mean arterial pressure following epidural anesthesia 
showed poor motor organization for 2 days post-delivery. Thus, it 
would seem most important to preserve placental perfusion regardless 
of the anesthetic techniques or agent chosen. 

The subjectivity of observers and difficulties in making quanti- 
tative measurements are drawbacks of neurobehavioral methods as is 
the lack of an appropriate drug-free control group. A further deficiency 
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is the failure to consider everything happening in the perinatal period 
from which the neonate must recover. 

Quantitative EEG has been introduced as an objective and sen- 
sitive technique to detect subtle drug effects on the central nervous 
system (CNS) that may not be obtained by other techniques.* It pro- 
vides very specific information. The neonatal EEG recorded during 
the first 2 hours after delivery confirms the depressant effect of thio- 
pental used for general anesthesia cesarean section compared with 
0.5% bupivacaine epidural anesthesia, thus agreeing with earlier stud- 
ies using neurobehavioral techniques.» *° Similarly, ephedrine 
causes a decrease in variability of the EEG pattern, which may be the 
result of a drug-induced decrease in total sleep time and an altered 
sleep pattern.*” The clinical significance of these findings remains to 
be determined. 


ADVERSE EFFECTS OF LOCAL ANESTHETICS 


Bupivacaine 


LAs entering the systemic circulation produce toxic effects pri- 
marily on the CNS but may also produce direct effects on the cardio- 
vascular system (CVS) if present in high enough concentration. A ris- 
ing blood level will consistently produce the following sequence of 
events: (1) numbness of the tongue and mouth, (2) lightheadedness, 
(3) tinnitus, (4) visual disturbance, (5) slurring of speech, (6) muscular 
twitching, (7) irrational conversation, (8) unconsciousness, (9) grand 
mal convulsion, (10) coma, and (11) apnea.” The sequence is similar 
for all local anesthetics that have been evaluated. Animal studies have 
shown that bupivacaine differs from lidocaine in two ways: (1) The 
ratio between the dose and blood level required for cardiovascular 
collapse and the dose and blood level required for production of CNS 
toxicity is significantly lower for bupivacaine as compared with li- 
docaine; and (2) bupivacaine in some animals is associated with the 
production of ventricular arrhythmias and ventricular fibrillation, 
which are not seen with lidocaine.?” ®t 

Studies in pregnant and nonpregnant sheep failed to show a clear 
difference in the cardiovascular collapse to CNS toxicity ratio for bu- 
pivacaine. Nevertheless, the blood level of bupivacaine at which 
cardiotoxicity occurred was lower in pregnant animals than in non- 
pregnant animals suggesting that the pregnant animal may be 
more sensitive to the potential cardiovascular toxic effects of bupi- 
vacaine.?” êt This was not related to a greater uptake of bupivacaine 
by the myocardium of the pregnant animals and suggests that the myo- 
cardium of the pregnant animal may be more sensitive to LA in the 
same way studies in isolated nerves suggest that the nerves of pregnant 
animals are more sensitive to the blocking effects of LAs. 

Clarkson and Hondeghem*: demonstrated a similar onset time for 
the block of sodium channels by high concentrations of lidocaine and 
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bupivacaine. In high concentrations, lidocaine blocked sodium chan- 
nels in a fast-in, fast-out manner. In low concentrations, bupivacaine 
blocked sodium channels in a slow-in, slow-out manner, whereas in 
high concentrations, the bupivacaine block was of the fast-in, slow- 
out type. Thus, the difference in in-vitro cardiotoxicity between LA 
agents seems to be related to their affinity for and duration of binding 
to the sodium channels. Bupivacaine may also block calcium channels 
to a significant degree. The electrophysiologic changes produced by 
bupivacaine suggest that re-entry phenomena may cause the severe 
ventricular arrhythmias.*° Reiz and Nath” have summarized the stud- 
ies on cardiotoxicity of LA. 

Bupivacaine in high concentration (0.75%) is not recommended 
for use in obstetrics because of the profound myocardial depression 
and prolonged difficult resuscitations associated with accidental in- 
travascular injections. 


Chloroprocaine 


Another constraint on the choice of an LA agent in the past decade 
has been related to the reports of prolonged neurologic deficit follow- 
ing the accidental subarachnoid injection of large amounts (> 400 mg) 
of chloroprocaine intended for epidural injection.’ 7? Experimental 
investigations have tended to reaffirm the safety of the drug 2-chlo- 
roprocaine and have attributed the neurotoxicity to a combination of 
factors. The anti-oxidant sodium bisulfite in concentrations of 0.2% or 
greater in combination with the low pH (3.0) of the commercial so- 
lution probably is the source of the toxicity. In addition, the large 
volumes of anesthetic solution used may overwhelm tissue-buffering 
capacity and furthermore, there is the potential for vascular compro- 
mise of spinal cord and nervous tissue particularly in pregnant patients 
who may have decreased intraspinal compliance because of engorged 
epidural veins.?™ 4° A bisulfite-free preparation of chloroprocaine has 
been evaluated clinically and found to provide satisfactory anesthesia 
for labor and delivery with no difference from the old bisulfite-con- 
taining formulation in regard to effects on uterine activity, progress 
of labor, fetal heart rate, maternal blood pressure, newborn Apgar 
scores, neonatal acid-base status, and the NACS.4 


Prevention of Toxic Reactions 


Most LA toxic reactions are preventable and those reactions that 
do occur can be successfully managed. However, the anesthesiologist 
performing the regional anesthetic technique must remain constantly 
alert to the possibility of an adverse reaction. Suggested guidelines 
to maximize the safety of an obstetric epidural block include selection 
of an agent that will provide adequate analgesia with minimal motor 
block, using the minimum amount of drug and lowest possible con- 
centration to achieve the effect, careful performance of the epidural 
technique, careful and repeated aspiration, use of a test dose to in- 
dicate intravascular or subarachnoid injection, and use of a fraction- 
ated-dose technique to avoid the administration of a large mass of 
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anesthetic as a single injection. Monitoring the parturient in terms of 
blood pressure and electrocardiogram while the block is performed, 
and advance preparation for the treatment of an adverse reaction 
should it occur are extremely important.?” °° Communication with the 
patient will enable rapid detection of the early subjective symptoms 
of a rising local anesthetic blood level. 


Management of Toxic Reactions 


The CNS is most sensitive to the action of LAs; however, toxic 
reactions involving the CVS tend to be more severe and more dan- 
gerous. With this in mind, it is important to determine the cause of 
the cardiovascular depression if present. Cardiac arrhythmias are 
probably best treated by electrical cardioversion; bretylium may fa- 
cilitate this response. Hypotension in the absence of arrhythmias is 
generally due to the negative inotropic effect of the LAs and the pe- 
ripheral vasodilation they cause. Elevation of the legs and volume 
expansion are important therapeutic maneuvers. Resuscitation of the 
pregnant patient should always include left uterine displacement. In- 
otropes such as epinephrine, atropine, and calcium chloride have been 
successfully used in animal studies to reverse severe cardiovascular 
depression. Because hypoxia, hypercarbia, and acidosis occur with 
extreme rapidity following LA-induced convulsions and may poten- 
tiate cardiotoxic effects, it is important to maintain adequate venti- 
lation. This may require the administration of a small dose of rapidly 
acting barbiturate or diazepam or succinylcholine to control convul- 
sions.2” 5% 73 Evacuation of the uterus has been required as part of 
the resuscitation on occasion.** 


RECENT DEVELOPMENTS 


Ropivacaine 


Ropivacaine is an amino amide congener of mepivacaine and bu- 
pivacaine. It is a long-acting agent with a profile similar to that of 
bupivacaine, apart from some variations in duration of action de- 
pending on the site of administration. Ropivacaine appears distinctly 
longer acting than bupivacaine on infiltration, equally effective in pe- 
ripheral blockade, and slightly shorter acting in central blockade. 
However, in epidural and spinal anesthesia 0.75% ropivacaine is equal 
in effect to 0.5% bupivacaine. Ropivacaine, in addition, may produce 
a high quality of sensory block in clinical use similar to that of bu- 
pivacaine. The drug is less toxic than bupivacaine but more toxic than 
lidocaine; in dog studies, it is less arrhythmogenic than bupivacaine 
and the margin of safety between the convulsant and the lethal dose 
is higher for ropivacaine than for bupivacaine.® 1° Furthermore, preg- 
nant ewes are no more vulnerable to ropivacaine toxicity than non- 
pregnant ewes; doses of ropivacaine required to produce convulsions 
and circulatory collapse were significantly higher than those of bu- 
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pivacaine.®? Thus ropivacaine appears to be less cardiotoxic than bu- 
pivacaine in pregnant animals. 


Narcotics 


There is currently a great deal of interest in the use of epidural 
and intrathecal narcotics, by themselves and in combination with LAs. 
Such combinations have been used during labor, cesarean section, 
and for postoperative pain control. Spinal opioids are discussed at 
length in another article in this volume. 


SUMMARY 


LAs reversibly interrupt transmission of nerve impulses by in- 
hibiting function of the sodium channel. Large myelinated rapidly 
conducting A fibers are most sensitive, and small unmyelinated slowly 
conducting C fibers, least sensitive to the block of transmission. Preg- 
ee may increase even further the A-fiber sensitivity to conduction 

ock. 

Of the clinically useful LAs, bupivacaine has become extremely 
popular in obstetric anesthesia because of its ability to create high 
quality analgesia with a minimum degree of motor block. The ability 
to cause this type of differential block is highly desirable and new 
LAs such as ropivacaine are evaluated with this in mind. 

Epinephrine is a useful addition to LA solutions for purposes of 
detecting accidental intravascular injections and for improving the 
quality and duration of block, reducing the total amount of LA needed. 
However, there is a risk of temporary decrease in IVBF when acci- 
dental intravascular injection of epinephrine-containing solutions oc- 
curs. 

Alkalinization of LA solutions with sodium bicarbonate enhances 
nerve block experimentally and may have a beneficial effect clinically. 
Similarly, carbonated lidocaine may have clinical advantages over li- 
docaine hydrochloride. 

LA effects on the neonate have been evaluated by neurobehav- 
ioral testing. Inconsistent results and a failure to consider the multi- 
plicity of factors surrounding parturition make it difficult to determine 
the clinical significance of these data. 

Regarding the adverse effects of LAs, bupivacaine cardiotoxicity 
has been related to its fast-in, slow-out blocking of myocardial sodium 
channels. The pregnant animal may be more sensitive to this effect 
than the nonpregnant animal. Chloroprocaine has been reformulated 
without the anti-oxidant bisulfite, which along with the low pH of the 
earlier preparation is thought to have been responsible for the cases 
7 neurotoxicity associated with accidental intrathecal injection of the 

rug. 

Whenever large amounts of LA are used, there is the potential for 
the development of toxicity. The practitioner must strive to prevent 


PQA 625 


22 


ESTHER C. JANOWSKY 


LA toxicity but must remain alert to the possibility of its occurrence 
and be prepared to initiate effective treatment. 
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Oxytocics, Tocolytics, and 
Prostaglandins 
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This article reviews the physiologic effects of drugs administered 
in obstetrics to influence the tone of the uterus. These drugs include 
oxytocics, which stimulate uterine contraction, and tocolytics, which 
relax the uterus. The oxytocics reviewed include synthetic oxytocin, 
the ergot alkaloids, and those prostaglandins that influence uterine 
activity. Tocolytics covered include the §-sympathomimetics and 
magnesium sulfate. Each of these therapies has a unique side-effect 
profile that is a concern to the anesthesiologist. First, the physiology 
of the myometrium is briefly reviewed as a basis for understanding 
the actions of these drugs. Then, the pharmacology of each drug is 
ph and the possible side effects and complications are dis- 
cussed. 


PHYSIOLOGY OF THE MYOMETRIUM 


The uterus is composed of smooth muscle that can generate mul- 
tidirectional force. This allows a coordinated contraction around an 
irregularly shaped object, namely the fetus. The contractile unit is 
composed of myosin and actin proteins arranged in a unique geometry 
designed to contract in any direction. This differs from the rigid uni- 
directional contraction of skeletal, or striated, muscle. 

Two contractile proteins, myosin and actin, form the contractile 
unit of smooth muscle and together generate the force of contraction. 
These two functional proteins rest in a matrix of structural proteins. 
The myosin filament has two sections: a linear portion called the tail, 
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Figure 1. Schematic structure of myosin in smooth muscle. (Adapted from Huszar 
G: Physiology of the myometrium. Jn Creasy RK, Resnik R (eds): Maternal-Fetal Med- 
icine. Philadelphia, Saunders, 1984; with permission.) 


and a globular section at one end referred to as the head. The head 
contains three important sites: (1) the actin-combining site where 
myosin and actin interact, (2) an ATP-ase site for energy, and (3) the 
light chains that regulate the interaction of myosin and actin (Fig. 1). 
Myosin in smooth muscle is arranged at intervals next to the protein 
actin. The globular portion of myosin, “the head,” serves as a hook 
with which myosin is pulled along the actin filament. The coordinated 
sliding motion of multiple myosin and actin units leads to muscle fiber 
shortening and uterine contraction. This interaction is energy depen- 
dent and intricately regulated by a chain of events that supplies energy 
via ATP to stimulate the movement of myosin along actin. 

The myosin light chains on the head of the myosin filament ul- 
timately serve to regulate this interaction. The regulation pathway 
leading to uterine contraction begins with an increase in myoplasmic 
calcium concentration, which activates myosin light chain kinase. This 
kinase phosphorylates myosin light chains. Following phosphoryla- 
tion, the light chains facilitate the interaction of the actin-combining 
site of myosin with actin. The myosin filament then slides along the 
actin filament generating muscle fiber shortening. 

This series of events is regulated by two enzymes: (1) myosin light 
chain kinase, which transforms the light chains to the active form, and 
(2) myosin light chain phosphatase, which dephosphorylates the 
myosin light chain filament to an inactive state. 

Activity of myosin light chain kinase is further influenced by three 
factors, two of which facilitate activity and one which is inhibitory. 
The first positive influence is myoplasmic calcium concentration. Sec- 
ond, a regulating enzyme, calmodulin, must be present for activity. 
Third, a cyclic-adenosine-monophosphate (cAMP)—dependent phos- 
phorylation of the kinase is inhibitory; consequently, an increase in 
myometrial cAMP levels negatively influences the activity of myosin 
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light chain kinase. An increase in cAMP also stimulates sequestration 
of calcium, further inhibiting contraction. Therefore, conditions that 
favor an increase in uterine tone are an increase in myoplasmic cal- 
cium and a relatively low concentration of cAMP. 

The oxytocic and tocolytic medications described in this article 
act by affecting the intracellular environment of the myometrium to 
augment or decrease contraction frequency and strength. Oxytocin 
increases uterine tone by inhibiting the intracellular sequestration of 
calcium. Prostaglandins are also thought to positively influence the 
frequency and strength of uterine contractions by altering calcium 
movement. The B-adrenergics used for tocolysis and uterine relaxation 
cause an increase in the activity of adenylate cyclase and thus the 
synthesis of more cAMP. This increase in cAMP stimulates phos- 
phorylation and inhibition of mysosin light chain kinase. The B-ad- 
renergic—mediated increase in intracellular cAMP also promotes cal- 
cium sequestration in the sarcoplasmic reticulum, further inhibiting 
the contractile pathway. 


OXYTOCICS 


In current obstetric practice, oxytocics are used to increase uterine 
contractility in a variety of settings. They may be employed to “ripen” 
the cervix and initiate labor in the antepartum patient, to augment 
labor that is inadequate, to stimulate abortion, or to combat uterine 
atony and resultant hemorrhage postpartum. Three drug classes serve 
to increase the frequency and strength of uterine contractions. These 
three are synthetic oxytocin, the ergot alkaloids, and select prosta- 
glandins. 


Oxytocin 


Oxytocin, a peptide of nine amino acids originally extracted from 
the pituitary gland, is available as a synthetic hormone with an amino 
acid sequence identical to biologic oxytocin. Pituitary extracts of ox- 
ytocin that were formally available were inevitably contaminated with 
vasopressin, another posterior pituitary hormone. Synthetic oxytocin 
is now manufactured avoiding contamination. Uterine sensitivity to, 
and the number of uterine receptors for, oxytocin increase near term. 
This hormone appears to influence the uterus by increasing my- 
oplasmic calcium concentration leading to an increase in myosin-actin 
interaction resulting in increased strength and frequency of contrac- 
tions. 

Administration methods for oxytocin vary according to the ther- 
apeutic indications. For induction or augmentation of labor, a slow 
continuous infusion of oxytocin at a rate of 10 to 40 mU per minute 
may be used. Postpartum, an infusion of 10 to 20 U oxytocin in 1 L 
of intravenous (IV) fluid at a rate of 200 mL per hour or intramuscular 
injection of 10 to 20 U are recommended administration modes.** The 
plasma half-life is 12 to 17 minutes.*? Onset of uterine response to IV 
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Table 1. Side Effects and Complications of Oxytocics 


DRUG SIDE EFFECTS AND COMPLICATIONS 


Oxytocin Hypotension: decreased SVR, MAP; resultant in- 
creased HR, CO 
Anti-diuretic activity: hyponatremia, oliguria, water 
intoxication 
Uterine hypertonicity: decreased uterine blood 
flow, uterine rupture 
Ergonovine and Arterial and venous vasoconstriction: hypertension, 
methylergonovine increased CVP and SVR, pulmonary edema, sei- 
zures, cerebral edema, intracerebral hemorrhage, 
cardiac arrest 
Coronary vasospasm: myocardial ischemia 


Prostaglandins Nausea, vomiting, diarrhea, restlessness, tachypnea, 
` tachycardia 
PGE2 Decreased SVR, MAP; increased CO, HR, un- 
changed PVR 
PGF2a Increased MAP, HR, CO, PRV; bronchoconstriction 


administration of oxytocin occurs almost immediately and lasts ap- 
proximately 1 hour.”? With intramuscular (IM) administration, the 
onset is within 2 to 5 minutes and the duration of effect is 1 to 3 hours.” 

Although commercial preparations of oxytocin are no longer con- 
taminated with vasopressin, oxytocin does have direct actions and in- 
herent properties other than its uterotonic effects, which must be kept 
in mind when administering it. The principal side effects include 
possible hypotension and free water overload (Table 1). 

Oxytocin is a direct vasodilator. Weis et al°® showed that admin- 
istration of oxytocin in an IV bolus of 0.1 U per kg leads to a 30% drop 
in mean arterial pressure (MAP), a 50% decrease in systemic vascular 
resistance (SVR), and a compensatory tachycardia and increase in 
stroke volume augmenting cardiac output. The inotropic and chron- 
otropic actions are reflex sympathetic responses to the drop in pe- 
ripheral vascular resistance and are seen within 30 seconds after the 
IV bolus.*° Usually, the hypotensive effects are transient and last ap- 
proximately 5 minutes. Because of the potential for hypotension with 
bolus dosing of oxytocin, an IV infusion at 40 to 80 mU per minute 
or IM injection are recommended for treatment of postpartum uterine 
atony. 

Oxytocin has intrinsic antidiuretic activity. The structural simi- 
larity of oxytocin to vasopressin—differing by only two amino acids— 
probably explains this action. ADH-like activity leads to an increase 
in water resorption in the distal convoluted tubule of the kidney and 
a drop in urine output following oxytocin administration.” *” Patients 
receiving large doses or prolonged infusion of oxytocin should be ob- 
served for possible water intoxication. Hyponatremic, hyposmotic 
states have been demonstrated after prolonged infusions at rates up 
to 40 mU per minute oxytocin in large volumes of electrolyte-free 
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fluids.?° The fetus also experiences this state of relative water overload 
and Schwartz and Jones*® reported hyponatremic seizures in both the 
mother and newborn following a maternal infusion of 6.5 L DsW and 
36 U of oxytocin. 


Ergot Alkaloids 


The toxic and many of the therapeutic effects of the ergot deriv- 
atives have been known for centuries. Ergot, actually a complex of 
multiple biologically active amines, is produced by a fungus (Clavi- 
ceps purpurea) that may infest grain crops, particularly rye. Epidemics 
resulting from ingestion of the infected grain were known in the Mid- 
dle Ages. Victims experienced the symptoms of severe vasoconstric- 
tion that sometimes resulted in dry gangrene of the extremities. In 
addition to the vasoactive properties of ergot derivatives, the potent 
uterine stimulating properties of ergot were appreciated and em- 
ployed therapeutically in obstetric practice by the early 1800s and 
probably earlier.* 

The complex substance ergot has since been studied extensively 
and many of its active substances identified. Two derivatives are used 
in current obstetric practice, ergonovine and methylergonovine. Ergot 
alkaloids are restricted to use in the postpartum period.to increase 
uterine tone and halt bleeding because their uterine-stimulating prop- 
erties are so great that the possibility of tetanic contractions or an 
increase in resting tone may risk fetal well-being. The uterotonic ef- 
fects are the result of direct a-adrenergic receptor stimulation.*° 

Ergonovine (Ergotrate maleate) and methylergonovine (Mether- 
gine) are available for both injection (0.2 mg per mL) and oral admin- 
istration as 0.2-mg tablets. Common dosing regimens for postpartum 
uterine atony are 0.2 mg given either IM or orally. Therapeutic re- 
sponse can be seen within 3 to 5 minutes after IM injection and within 
10 minutes of oral administration.“ The §-elimination half-life of 
methylergonovine is between 32 to 115 minutes. Elimination is via 
hepatic metabolism. 

Although ergonovine and its semisynthetic derivative methyler- 
gonovine are less toxic than some other ergot derivatives, they are not 
without significant side effects, most notably vasoconstriction. The 
central nervous system (CNS) as well as the cardiovascular system 
may manifest symptoms resulting from generalized vasoconstriction. 
Ergot alkaloids constrict both the arterial and venous sides of the cir- 
culation.*4 This property can lead to hypertension and an augmen- 
tation of central circulating fluid volume. Brooke and Robinson’ ob- 
served that 0.25 mg of ergonovine IV led to a decrease of forearm 
venous compliance of 41% associated with an increase of MAP and 
central venous pressure (CVP). In select patients, the hypertension 
may be life threatening. 

Complications arising from this widespread vasoconstriction with 
resultant increases in SVR, MAP, and CVP have included pulmonary 
edema, heart failure, retinal detachment, seizures, cerebral edema, 
and intracerebral hemorrhage.” ® 1° 34: 46 Abouleish? reported severe 
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prolonged postpartum hypertension in an otherwise healthy partu- 
rient that resulted in cerebral edema and seizures. Following 0.2 mg 
of methylergonovine IV, this patient demonstrated a remarkable post- 
partum blood pressure increase to 200/130 from an antepartum blood 
pressure of 110/65. The hypertension was accompanied by headache 
and subsequent seizures. Browning? also reported similar hyperten- 
sive crises in four patients, one of which resulted in a seizure and one 
in cardiac arrest. 

The marked hypertension following the administration of par- 
enteral methylergonovine or ergonovine can last for several hours.*4 
A rise in blood pressure occurs in 20 to 50% of patients given one of 
these ergot preparations.” The percentage of hypertensive events and 
the absolute rise in blood pressure increases with concurrent or prior 
administration of vasopressors. This synergism is seen with ergot ad- 
ministered even several hours after vasopressor administration. A 
large study of parturients by Casady et al? demonstrated that almost 
5% of patients who received methoxamine and subsequent ergotam- 
ines had a rise in systolic blood pressure to greater than 140 mm Hg 
and two-thirds of these developed a diastolic pressure of 100 mm Hg 
or greater. Ergots appear to be partial agonists at adrenergic, tryptam- 
inergic, and dopaminergic receptor sites. This agonism may explain 
the synergistic pressor response possible when ergots are given to the 
patient who has received vasopressors. However, because this inter- 
action is more than additive, simple agonism at the same sites cannot 
completely explain the phenomenon. 

In addition to the stresses it places on the maternal heart from an 
acute increase in SVR, methylergonovine may further stress the myo- 
cardium by stimulating coronary vasospasm.® In fact, ergotamine has 
been used in the controlled setting of the coronary catheterization 
laboratory as a challenge test to provoke coronary spasm.”* Taylor and 
Cohen™ published a case report of morbidity associated with coronary 
vasospasm and ergots in a pregnant patient that resulted in a large 
anterior wall myocardial infarction. The propensity for coronary vas- 
ospasm may be increased in patients with other vasospastic diseases 
such as migraine headaches.’ Other side effects associated with er- 
gotamines include nausea and vomiting in approximately 10 to 20% 
of patients as a result of direct stimulation of the CNS emetic centers.” 

Because of the side-effect profile, ergotamines are relatively con- 
traindicated in the obstetric patient with a history of hypertension, 
preeclampsia, eclampsia, cardiac disease, peripheral vascular disease, 
prior vasopressor administration, and possibly patients with such vas- 
ospastic disorders as Raynaud’s phenomenon. Recognition of anginal 
symptoms and proper evaluation of the patient with suspected coro- 
nary vasospasm is mandatory. Therapy with nitroglycerin should be 
instituted when the diagnosis of coronary vasospasm is made.® °° 


Prostaglandins 


Select prostaglandins are potent uterine stimulants. Prostaglan- 
dins of both the E and F classes are employed in obstetrics. Their 
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actions on the myometrium appear to be mediated by alteration of 
intracellular calcium flux. Prostaglandin use in obstetrics ranges from 
vaginal suppositories and intra-amniotic instillation for second trimes- 
ter abortions to effective therapy for postpartum hemorrhage resulting 
from uterine atony. Prostaglandin gels are also employed to facilitate 
ripening of the cervix as part of the induction of labor. The commercial 
prostaglandins for use in obstetrics are dinoprostone (PGEg), dino- 
prost tromethamine (PGF2,), and carboprost tromethamine (15- 
methyl PGFs, Prostin/15M). Dinoprost tromethamine (PGF2a) is cur- 
rently unavailable from the manufacturer. 

Prostaglandin Ea vaginal suppositories are employed in the man- 
agement of missed abortions and as mid-trimester abortifacients. 
PGFza may be instilled intra-amniotically for pregnancy termination. 
PGF., or the methylated analog 15-methyl PGF2a are administered 
IM or intramyometrially to treat postpartum hemorrhage. Usual IM 
dosage for treatment of postpartum atony is 1 mg of PGF 2, or 250 pg 
of 15-methyl PGF.,.. This dose may be repeated in 15 minutes. 

The effects of these prostaglandins are not limited to the uterus. 
They each influence the cardiovascular, respiratory, gastrointestinal, 
and central nervous systems to varying degrees. Noted among their 
side effects are nausea, vomiting, diarrhea, restlessness, tachypnea, 
tachycardia, bronchoconstriction, and changes in pulmonary and sys- 
temic vascular tone. 

Vaginal suppositories of prostaglandin Eg in doses from 5 to 20 
mg every 3 hours are used to induce termination of pregnancy. The 
common side effects of this therapy include nausea, vomiting, diar- 
rhea, tachypnea, pyrexia, moderate hypotension, and tachycardia. The 
gastrointestinal side effects are the result of intestinal smooth muscle 
stimulation. Cardiovascular side effects are dose dependent and in- 
clude a moderate reduction in systemic vascular resistance and blood 
pressure and an increase in cardiac output and heart rate. This increase 
in cardiac output and heart rate appears to be a reflex-mediated sym- 
pathetic response to the reduction in SVR.2® 5° Secher et al®° noted 
a 36% increase in cardiac output, a 31% decrease in blood pressure, 
and a 33% decrease in SVR in patients receiving a PGEg infusion. 
Willis et al” noted an even greater cardiac output increase, 65%, in 
patients receiving PGEg vaginal suppositories for mid-trimester abor- 
tion. 

Tachypnea is common with PGEg therapy. Animal data have sug- 
gested that PGE2 may increase pulmonary vascular resistance (PVR); 
however, Secher et al noted no change in pulmonary vascular tone in 
patients receiving IV infusions of PGEg. Eklund and Carlson’s™” study 
of eight male patients receiving PGE, or PGEz noted no change in 
pulmonary artery pressure despite an increase in cardiac output, im- 
plying a decrease in PVR. 

In addition to the cardiovascular and respiratory side effects of 
PGEg, hyperpyrexia is often seen. Up to 40% of patients will manifest 
a pyrexic response.® In fact, the clinical picture of high fever, hy- 
potension, tachycardia, and tachypnea mirrors the presentation of 
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endotoxin-mediated shock. Phelan et al*® described two cases in 1978 
and Hughes and Hughes*? reported a case in 1989 of dramatic fever 
and cardiovascular symptoms in which the diagnosis of endotoxemic 
shock was entertained during PGE» therapy. In each case, the patients 
proved not to be septic, and the symptoms subsided after discontin- 
uation of PGE». Because most patients receiving PGE will have some 
degree of gastrointestinal symptoms and pyrexia, antipyretics, anti- 
emetics, and anti-diarrheals are routinely ordered at some institutions. 

The majority of physiologic effects of the prostaglandins of the F 
series are similar to the E series; however, the hemodynamic con- 
sequences are different. Both series stimulate uterine contraction and 
cervical dilation, though with PGF~2, the effects on uterine tone pre- 
dominate over cervical dilation.®” Prostaglandin Foa increases intes- 
tinal motility via smooth muscle stimulation so that nausea, vomiting, 
and diarrhea are common. Also similar to PGEg, an elevation of patient 
temperature may be seen. PGF 2. stimulates bronchial smooth muscle 
leading to bronchoconstriction.*! Oxygenation may decrease because 
of a redistribution, and increase in mismatch, of ventilation and per- 
fusion.?? 

Hemodynamic disturbances associated with PGF», include an in- 
crease in blood pressure, heart rate, and cardiac output. Pulmonary 
vascular tone increases. During infusion of PGF 2, 300 wg per minute 
in five anesthetized patients, Secher et al measured an increase of 
femoral artery pressure of 40% concomitant with a 25% increase in 
cardiac output, and an 11% decrease in systemic vascular resistance. 
These changes were accompanied by a significant increase in cal- 
culated PVR (125%). Eklund gave 15-methyl PGF». at 0.07 wg per kg 
per minute and demonstrated an increase in cardiac output, heart rate, 
and blood pressure at 30%, 12%, and 19%, respectively. Increases in 
right heart pressures and pulmonary artery pressure were also noted. 

The magnitude of cardiopulmonary changes with PGF, can be 
life threatening. Cates et al!! reviewed six abortion-related deaths 
associated with the use of PGF», intra-amniotically. Four had inter- 
current illness. One chronic alcoholic with pontine myelinolysis died 
from aspiration of hematemesis; the emetic effects of the prostaglandin 
may have been contributory. The second patient had chronic hyper- 
tension with superimposed preeclampsia. After receiving PGF 2, she 
sustained a hypertensive crisis and died of an intracranial hemorrhage. 
The four other patients died of causes seemingly unrelated to the 
prostaglandin: amniotic fluid embolism, sedative overdose, micro- 
scopic pulmonary emboli with cor pulmonale, and sepsis complicated 
by hemorrhagic-hemolytic syndrome. Subsequent to that report, Cates 
and Jordaan’” published two cases of unexplained cardiovascular col- 
lapse following instillation of PGF2,.. In 1988, Partridge et alf! re- 
ported life-threatening hypertension, bronchospasm, and severe pe- 
ripheral vasoconstriction in a patient who received intra-amniotic 
PGF2a. Hypertension alternated with hypotension and continued for 
2 hours until artificial rupture of the amniotic membranes and release 
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of the remaining PGF. The clinical picture was that of repeated 
intravascular boluses of prostaglandin with each uterine contraction. 


TOCOLYTICS 


In the United States in 1980, the incidence of preterm births, 
defined as any birth that occurs before 37 completed weeks from the 
first day of the last menstrual cycle, was 8.9%.1* 58 Preterm labor and 
delivery are a significant cause of perinatal morbidity and mortality. 
Tocolytics are used to stop premature uterine contractions and inhibit 
the return of preterm labor. Two classes of drugs are commonly em- 
ployed as tocolytics: The B-sympathomimetics and magnesium sul- 
fate. Both work at the level of the myometrium to decrease contrac- 
tility. Ethanol has been used as a tocolytic; however, it has generally 
been superceded by the other agents. Calcium channel antagonists 
and prostaglandin synthesis inhibitors have also been investigated as 
possible therapies for preterm labor. 


B-Sympathomimetics 


B-Adrenergic agents are the most widely used tocolytics. The most 
common include ritodrine, terbutaline, isoxsuprine, fenoterol, and sal- 
butamol. Be Sympathomimetic stimulation of the uterus causes relax- 
ation. Stimulation of the Be-receptor at the myometrial cell leads to 
an increase in cAMP with subsequent phosphorylation and inhibition 
of myosin light chain kinase, thus blocking the contractile interaction 
of myosin and actin. Contraction is also inhibited by a reduction in 
myoplasmic free calcium that occurs with an increase in cAMP. 

Though the beta-adrenergic agonists used as tocolytics are se- 
lected for their predominance of B2-over By-activity, they all have side 
effects from stimulation of both receptors. Bz effects include a decrease 
in smooth muscle tone of the uterus, vasculature, and bronchioles. 
Renin levels increase and urinary output decreases. Glycogenolysis 
is stimulated as well as an increase in insulin release. B)-adrenergic 
stimulation causes an increase in heart rate and stroke volume, lipol- 
ysis, and transport of potassium into cells. Bowel motility is de- 
creased.'° Most of these agents are excreted by the kidney. After IV 
infusion of ritodrine there is an initial distribution half-life of 5 to 10 
minutes, a secondary half-life of 1.5 to 2.5 hours, and a prolonged third 
phase. After oral ritodrine there is an initial half-life of 1 to 2 hours 
with a subsequent 10 to 12-hour half-life. Complications of B-sym- 
pathomimetic therapy include hypotension, myocardial ischemia, pul- 
monary edema, and alterations in glucose and electrolyte balance 
(Table 2). 

These B-adrenergic agonists are inotropic and chronotropic stim- 
ulants of the myocardium.” 3? Bieniarz et alë demonstrated the net 
result of this stimulation to be an increase in cardiac output over and 
above the already augmented cardiac output of pregnancy. Using a 
dye dilution technique for measurement of the cardiac output in five 
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Table 2. Side Effects and Complications of Tocolytics 





DRUG SIDE EFFECTS AND COMPLICATIONS 


Beta-sympathomimetics Decreased smooth muscle tone: uterus, vascu- 
lature, bronchioles 
Increased renin: decreased urine output 
Glycogenolysis, insulin release: increased 
serum glucose, decreased potassium 
Increased heart rate, stroke volume 
Myocardial ischemia 
Pulmonary edema 
Magnesium sulfate Central nervous system depression, respiratory 
failure, cardiac depression, pulmonary edema, 
flushing, headache, nausea, decreased ionized 
calcium, potentiation of muscle relaxants 


patients in premature labor who received ritodrine infusion titrated 
to uterine relaxation, a peak increase of cardiac output of 56% was 
achieved. This was accompanied by a decrease in peripheral vascular 
resistance and a significantly widened pulse pressure. Systolic blood 
pressure increased 12%, while diastolic blood pressure decreased by 
10%, maintaining the calculated mean arterial pressure essentially 
unchanged. The maternal heart rate significantly increased by 16% 
after 20 minutes of infusion. Stroke volume also increased. Studies of 
terbutaline provide similar results.*® 58 These studies demonstrate the 
cardiovascular consequences of administering a B-mimetic agent for 
uterine relaxation. 

In addition to the effects described previously, severe cardiovas- 
cular side effects have been reported. Myocardial ischemia is a po- 
tential complication. Several authors have documented electrocardio- 
graphic changes suggestive of ischemia during ritodrine or terbutaline 
infusion.’ 3° 55. 60 ST-segment depression and T-wave inversion 
were not always accompanied by angina. Generally, the electrocar- 
diogram returned to baseline after discontinuation of the B-sympa- 
thomimetic. Because of these case reports of potential myocardial 
ischemia associated with B-mimetic therapy, a baseline electrocar- 
diogram prior to therapy has been recommended.”® Following serial 
electrocardiograms in patients receiving B-adrenergic infusion is rea- 
sonable; however, the frequency of electrocardiogram changes in 
asymptomatic patients is quite high when viewed on a prospective 
basis. Hendricks etal? documented that 76% of 112 patients receiving 
ritodrine tocolysis had either ST-segment changes, T-wave changes, 
or both. Reassuringly, only two of the patients had significant con- 
sequences: both experienced severe angina, and one of the two de- 
veloped pulmonary edema attributed to volume overload. Thus, 
electrocardiographic changes may be a frequent occurrence without 
symptoms or sequelae. The value of anti-anginal therapy and the ques- 
tion of whether or not to discontinue tocolytic therapy when these 
changes are seen remains unclear. 


Oxytocics, TOCOLYTICS, AND PROSTAGLANDINS 37 


The most serious complication of B-adrenergic tocolytic therapy 
is pulmonary edema. The incidence of pulmonary edema in 8-mi- 
metic-treated patients may be as high as 5%.?°> Women with twin ges- 
tations appear to be at particular risk, probably because of the patient's 
already augmented vascular volume and cardiac output. It is not clear 
what mechanism explains pulmonary edema in this setting. Possibil- 
ities include cardiac decompensation, volume overload, and a change 
in the regulation of the delicate pulmonary intravascular-to-extravas- 
cular fluid balance. In patients studied prospectively, improvement 
in cardiac function with increased stroke volume, ejection fraction, 
fractional shortening, and unchanged left ventrical dimensions all 
argue against cardiac decompensation.*” °° Benedetti et alf reported 
normal pressures and pulmonary vascular resistance shown with a 
pulmonary artery catheter placed in a patient after the development 
of pulmonary edema, suggesting that the etiology is not cardiogenic. 
However, no reports of invasive monitoring parameters followed prior 
to therapy through the development of pulmonary edema have been 
published. 

Volume overload is implicated as the cause of pulmonary edema 
because B-adrenergic agents can cause fluid and sodium retention and 
potentiate volume overload via stimulation of the renin-aldosterone 
system.*® 44 As a consequence of fluid retention, serum colloid oncotic 
pressure may be reduced changing the driving pressure across the 
pulmonary capillary membrane." The role that concurrent steroid ad- 
ministration plays in the development of 8-sympathomimetic-induced 
pulmonary edema is not clear because the steroids used most com- 
monly in an effort to stimulate fetal lung maturity have very little 
mineralocorticoid activity. If cardiac decompensation does not occur 
and fluid volume is normal, a leaky pulmonary capillary membrane 
is left as an “explanation of exclusion” for pulmonary edema during 
tocolysis. A mechanism for B-stimulation causing capillary leak has 
not been proposed. 

The metabolic effects of B-adrenergic tocolytic therapy include 
an increase in serum glucose concentration and a fall in potassium 
concentration. !* ** 61 This chain of events results from the stimulation 
of glycogenolysis and direct pancreatic stimulation. As serum glucose 
and insulin levels rise, potassium is driven intracellularly. It is gen- 
erally recommended that serial electrolytes and glucose concentration 
be followed in patients on this therapy.” However, the administration 
of IV potassium in an attempt to achieve “normal” extracellular po- 
oar levels is not recommended as total body stores are not de- 
pieted. 


Magnesium Sulfate 


Elevated serum levels of magnesium suppress the contractility of 
the myometrium. Magnesium sulfate (MgSO,z) infusion is employed 
as a tocolytic agent at some institutions. Preeclampsia is also treated 
with magnesium sulfate. The mechanism of tocolytic action is not thor- 
oughly defined, though it appears that magnesium produces relaxation 
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of the myometrium at the level of the muscle cell.2” Magnesium is 
thought to be a competitive antagonist of calcium serving to decrease 
the levels of myoplasmic free calcium and thus inhibit myosin-actin 
interaction.*” 

Tocolytic effects are seen with magnesium levels in the 5 to 8 mg 
per dL range.?” ** Administration protocols employ a bolus dose 
followed by a continuous infusion to maintain therapeutic levels. A 
bolus of 4 to 6 g MgSO, IV given over 20 minutes followed by an 
infusion of 1 to 3 g per hour MgSO, IV usually produces therapeutic 
levels.?© 4> 53 Magnesium levels should be checked every 6 to 8 hours 
during therapy, although clinical signs including the loss of patellar 
reflexes are a more sensitive indication of relative overdose in an in- 
dividual. 

Signs and symptoms of magnesium toxicity begin to manifest at 
serum levels above 9 mg per dL. Loss of deep tendon reflexes followed 
by respiratory, CNS, and cardiac depression occurs with progressive 
toxicity.** Excretion of magnesium is dependent on renal function. 
With normal kidney function, 75% of the magnesium is excreted dur- 
ing the infusion, and levels return to baseline within 24 hours after 
the discontinuation of the drug. In the patient with renal impair- 
ment, close monitoring of serum levels as well as periodic physical 
examination are necessary to avoid toxicity. 

Side effects are most common during the initial IV bolus admin- 
istration of MgSO,4. Effects include flushing, headache, nystagmus, 
blurred vision, chest pain, nausea, dizziness, drowsiness, and dryness 
of the mouth.” 45 Magnesium is a CNS depressant and altered levels 
of consciousness may be observed. The cardiovascular consequences 
of carefully administered MgSO, are minimal. Studies in both animals 
and humans have noted only a mild transient fall in blood pressure, 
which generally returned to baseline in 1 hour.** 18 Bourgeois et alf 
reported two cases in which profound hypotension was seen with 
MgSO, therapy. In both cases it was thought that the preeclampsia- 
induced hypovolemia was the precipitating event. Cardiac arrest has 
B reported in the setting of hypermagnesemia and presumed ov- 
erdose.? 

As with the B-sympathomimetic agents used for tocolysis, mag- 
nesium sulfate has been associated with cases of pulmonary edema. 
In a retrospective review, Elliott? ?? noted four cases of pulmonary 
edema in 355 patients (an incidence of approximately 1%). Other risk 
factors such as twin gestation, anemia, and pregnancy-induced hy- 
pertension may contribute to this occurrence. 

The metabolic effects of magnesium administration include a fall 
in ionized and total calcium, an increase in parathyroid hormone, and 
little change in phosphate or calcitonin.1® tł” The magnitude of this 
decrease in ionized calcium is 12 to 16% and it is primarily accounted 
for by urinary calcium excretion three times that of baseline.!® The 
inhibitory effects of magnesium at the neuromuscular junction com- 
bined with a decrease in calcium may potentiate muscle relaxation.” 

25, 41 Careful monitoring of the twitch response is recommended in 
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patients who receive neuromuscular agents during magnesium ther- 
apy and documentation of a full reversal prior to extubation is man- 
datory. 

Calcium gluconate should be readily available to treat toxicity. 
Otherwise, management of hypermagnesemia includes discontinua- 
tion of the infusion, documentation of the serum levels, and supportive 
therapy. 


SUMMARY 


Tocolytic and oxytocic therapies are widely used in contemporary 
obstetric practice. The anesthesiologist is often called upon to partic- 
ipate in the care of patients who are receiving uterotonic medications. 
In addition to their effects on the myometrium, each of these drugs 
has direct and indirect effects on a variety of organ systems. Oxytocin 
stimulates the uterus to contract via changes in intracellular calcium. 
Its direct vasodilating and antidiuretic properties lead to the possi- 
bility of hypotension or water overload. Ergotamines used for post- 
partum uterine atony carry the risk of generalized vasoconstriction and 
hypertension that may be life threatening. Prostaglandins of both the 
E and F classes stimulate uterine contractions. Side effects include 
nausea, vomiting, diarrhea, and hyperpyrexia. The two classes differ 
in their hemodynamic effects: prostaglandin E leads to a decrease in 
SVR and blood pressure with no change or a decrease in pulmonary 
vascular resistance; PGFs, generates an increase in blood pressure, 
heart rate, cardiac output, and pulmonary vascular resistance. Pros- 
taglandin Foa also stimulates bronchoconstriction. 

The most common tocolytics are B-sympathomimetics and mag- 
nesium sulfate. The side effects of B-adrenergic therapy arise from 
stimulation of both B, and Be receptors. Inotropic and chronotropic 
effects on the myocardium may be sufficient to cause ischemia. Pul- 
monary edema is associated with B-mimetic therapy. Glucose and 
electrolyte balance should be monitored during treatment. Magne- 
sium sulfate decreases uterine tone probably by antagonizing calcium 
at the cellular level. As plasma levels increase, progressive depression 
of the respiratory, CNS, and cardiac systems follows. Toxic levels are 
more likely in the patient with renal function impairment. Calcium 
serves to reverse magnesium toxicity. Because of its effects at the neu- 
romuscular junction, magnesium potentiates both depolarizing and 
nondepolarizing muscle relaxants. 

Familiarity with the range of effects of these drugs should assist 
the anesthesiologist in providing safe passage for the pregnant patient 
and her fetus from the antepartum to postpartum period. 
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Systemic Analgesia in Labor 
Still a Viable Option? 


Harold J. Heyman, MD* 


Regional analgesia for pain relief in labor with continuous lumbar 
epidural blockade is a technique that is used with increasing fre- 
quency in large hospitals.’ It is also being used more frequently in 
smaller community hospitals because of obstetrician and patient de- 
mands. Alternatives to lumbar epidural analgesia have been consid- 
ered when regional anesthesia is contraindicated, or where manpower 
is not available to perform epidural analgesia. Also, many obstetricians 
and patients prefer a trial of alternative techniques for labor pain, 
before proceeding to regional analgesia. The alternative techniques 
to regional analgesia for labor pain include narcotics and tranquilizers, 
paracervical block, transcutaneous electrical nerve stimulation, and 
psychoprophylaxis (Lamaze). 

Psychoprophylaxis has been effective in lessening labor pain. 
Lamaze training programs have promoted the concept that a parturient 
who is informed about maternal physiology and prepared for the la- 
boring process by psychological conditioning and support will be less 
apprehensive and need little or no systemic medication. However, 
this technique depends on strong personal motivation of the parturient 
for success, and may be ineffective in situations involving long labors 
with strong contractions. Long, painful labors may cause the parturient 
to experience fatigue and anxiety. She may hyperventilate, developing 
respiratory alkalosis. This may lead to alveolar hypoventilation and 
hypoxemia between contractions. Maternal métabolic acidosis may re- 
sult from decreased tissue perfusion secondary to hyperventilation- 
induced reduction in cardiac output. Catecholamine release may con- 
tribute to this by causing a decrease in tissue perfusion. Fixed acids 
then readily traverse the placenta, resulting in fetal metabolic acidosis. 


* Clinical Associate Professor, Department of Anesthesiology, University of Illinois Col- 
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Decreased uterine perfusion secondary to reduced maternal cardiac 
output contributes to fetal acidosis. Finally, maternal respiratory al- 
kalosis may cause the maternal oxyhemoglobin dissociation curve to 
shift to the left, resulting in less oxygen transfer to the fetus. This 
causes a further increase in fetal metabolic acidosis. Timely admin- 
istration of maternal analgesia, before excessive pain, anxiety, and 
fatigue supervene, may prevent the development of fetal acidosis from 
these causes. If fetal acidosis is already present, however, before ma- 
ternal drug administration, placental transfer and “ion-trapping” of 
these drugs may be enhanced. 

Transcutaneous electrical nerve stimulation is simple, noninva- 
sive, and not associated with maternal or neonatal depression. Al- 
though it has provided some relief of low back pain during the first 
stage of labor, it has been ineffective with anterior abdominal pain or 
perineal pain during the second stage. 

Paracervical block’” is used in only about 5% of parturients be- 
cause of reports of fetal bradycardia secondary to toxic fetal blood 
levels of local anesthetic or uterine artery spasm. 

The use of narcotics and tranquilizers for labor analgesia is still 
the primary form of pain relief used in obstetrics in the United States.” 
The advantage of this technique lies in the simplicity and ease of 
administration, as well as minimal fluid preloading, patient monitor- 
ing, and complications. The disadvantages, specially compared with 
lumbar epidural analgesia, consist of inadequate pain relief, clouded 
sensorium, and the risk of maternal and neonatal respiratory depres- 
sion. Systemic analgesics for labor became popular in the early 1900s 
when morphine was combined with scopolamine to produce “twi- 
light sleep,” a state that combined amnesia with analgesia. By the 
1950s, narcotic, tranquilizer, and barbiturate mixtures were often 
administered in arbitrary combinations, excessive doses, and by 
uninformed personnel. In the past 30 years, significant advances 
have been made in the understanding of the modes of action, distri- 
bution, metabolism, excretion, and side effects associated with the use 
of tranquilizers and narcotics in the parturient and neonate. There 
has also been the development of new drugs and new modes of 
administration. 

The ease of administration and few complications involving tran- 
quilizer and narcotic drugs for labor analgesia is one reason that, in 
North American practice, they are usually ordered by labor and de- 
livery personnel such as obstetricians, family practitioners, and nurse 
midwives, rather than by anesthesia personnel. The other reason is 
that in most hospitals, labor and delivery personnel have been more 
readily available for constant monitoring of patient progress than have 
anesthesia personnel. We will review the narcotics and tranquilizers 
that are currently used or have been used for analgesia in labor and 
delivery. One area that might provide a role for anesthesiologist in- 
volvement in a “nonepidural” analgesic technique for labor is keta- 
mine analgesia for delivery. 
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Narcotics are the most commonly used and the most effective 
systemic medication for labor analgesia. Pain relief with these agents 
is dose-dependent, as are the undesirable side effects of respiratory 
depression, hypotension, nausea, and vomiting. The parturient ob- 
viously will not be able to walk about because of postural hypotension. 
Nausea and vomiting may be additive to that normally produced by 
the physiology of labor itself and may require treatment with phe- 
nothiazines or other related drugs. All narcotic agents cross the 
placenta?? and may cause loss of beat-to-beat variability and neonatal 
respiratory depression. Normal beat-to-beat variability of the fetal 
heart rate reflects normal fetal brain function. Loss of this normal vari- 
ability may occur during hypoxemia or acidosis. It may also occur 
following maternal drug administration. Changes in fetal heart rate 
variability following maternal drug administration must be recognized 
by labor and delivery personnel and included in their overall assess- 
ment of fetal well-being. Large doses may also cause sedation and 
obtundation of protective reflexes, as well as inhibition of uterine ac- 
tivity in the latent phase of labor. Cerebral depression may make the 
parturient unresponsive, uncooperative, and unable to fully partici- 
pate in or enjoy the labor and delivery process. Such side effects, of 
necessity, dictate the judicious administration of limited doses, which 
often results in inadequate analgesia. Dosage limitation is included 
in the Guidelines for Perinatal Care,‘* published by the American 
Academy of Pediatrics and the American College of Obstetrics and 
Gynecology. 

Although there are a large number of narcotics currently available 
in the United States, only a few of these are now used in obstetrics. 
These include meperidine (Demerol), fentanyl (Sublimaze), butor- 
phanol (Stadol), and nalbuphine (Nubain). Certain narcotic agents, 
because of undesirable maternal or neonatal effects are no longer 
widely used. These include morphine and pentazocine (Talwin). 


Morphine 


Although some obstetricians still employ a small dose of morphine 
as a sedative during prodromal labor, the obstetric team now rarely 
uses this long-acting agent. In equianalgesic doses, it produces more 
neonatal respiratory depression than meperidine, possibly because 
morphine has a greater ability to penetrate the infant’s brain.*+ The 
role of morphine analgesia in the parturient would be largely confined 
to its administration for post-cesarean section analgesia, as a patient- 
controlled analgesia (PCA) or as spinal morphine. 


Alphaprodine 


This narcotic agent formerly was popular for obstetric analgesia 
in labor, because of its rapid onset and shorter duration of action. 
Reports of maternal respiratory arrest after repeated doses have been 
reported with large doses, for example 30 to 40 mg IV. Smaller doses 
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(10 to 20 mg) have been used but at present, this drug is not com- 
mercially available. 


Pentazocine 


Pentazocine was the first of the agonist-antagonist group of agents 
to be introduced with the hope that it would combine potent analgesic 
effects with minimal respiratory depression and absence of addictive 
propensity. Unfortunately,” repeat doses may be associated with 
sigma-receptor stimulation, consisting of psychotomimetic effects, 
such as hallucinations and nightmares. Pentazocine is not likely to be 
used in obstetrics today, although its efficacy in labor has been es- 
tablished. 


Meperidine 


Meperidine has been the most frequently used narcotic-analgesic 
in the laboring patient. The peak effect occurs in 5 to 10 minutes after 
intravenous administration and 40 to 50 minutes after intramuscular 
administration. Its duration of action is 2 to 4 hours. The dose range 
commonly used is 50 to 100 mg IM or 12.5 to 25 mg IV. Neonatal 
depression following maternal meperidine administration may be 
manifested by low Apgar scores, prolonged time to sustained respi- 
ration, abnormal blood gases, and lowered neurobehavioral scores. 
One hundred milligrams of intramuscular meperidine*? produced al- 
most no neonatal depression, as manifested by decreased Apgar 
scores, if delivery occurred within 1 hour or 4 or more hours after 
administration. The incidence of neonatal depression was increased 
when delivery occurred within 2, 3, or up to 4 hours after adminis- 
tration. Shnider and Moya”? found the greatest number of depressed 
neonates born 2 hours after intramuscular administration of 50 mg. 
These effects then are related to the dose and to the time interval 
between maternal administration and delivery of the neonate. These 
earlier studies appeared to show that both short or long drug-delivery 
intervals were less likely to result in neonatal drug depression fol- 
lowing intramuscular administration. Intermediate drug-delivery in- 
tervals of up to 2, 3, or 4 hours following intramuscular administration 
resulted in the greatest decrease in Apgar scores. The delay in ap- 
pearance of the neonatal depression with a short drug-delivery inter- 
val following intramuscular administration is most likely due to slow 
uptake. Neonatal depression was not seen® when 50 mg was admin- 
istered intramuscularly to the mother 30 minutes before delivery. 

In contrast to meperidine levels, Kuhnert et al!” found that cord 
levels of normeperidine, a pharmacologically active metabolite of me- 
peridine, reached their highest level many hours later. This meta- 
bolite has a half-life of 62 hours in the neonate. Kuhnert et al also 
found that the longest drug-delivery intervals following meperidine 
administration, in contrast to the situation with Apgar scores, resulted 
in the most abnormal neurobehavioral scores. These scores were mea- 
sured at 12 hours and 3 days of age. It is thought normeperidine is 
responsible for these low neurobehavioral scores in neonates follow- 
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ing the longest drug-delivery intervals. Normeperidine is a known 
central nervous system depressant. It is produced by hepatic N-de- 
methylation of meperidine. This metabolite has significant analgesic 
and toxic properties and may be more powerful than meperidine itself. 
Interestingly, chronic administration of an enzyme-inducing agent, 
such as phenobarbital, will induce hepatic microsomal enzyme activ- 
ity, which can enhance the neonatal toxicity of meperidine by in- 
creasing the production of normeperidine. It is believed, therefore,!® 
that acute neonatal effects of maternal administration of meperidine, 
as manifested by decreased Apgar scores, are due to high tissue levels 
of meperidine, whereas the more subtle and prolonged effects on neu- 
robehavior are due to normeperidine. Meperidine has also been ad- 
ministered during labor as part of a PCA technique. 


Appraisal of Meperidine 


Meperidine is easy to administer by labor and delivery personnel 
with few serious maternal side effects, making its administration by 
anesthesia personnel unnecessary. Although formerly the most pop- 
ular drug used for analgesia during labor, the recent reports linking 
lowered neonatal neurobehavioral scores to prolonged intervals be- 
tween maternal administration and delivery may cast a shadow over 
meperidine usage. This will cause obstetric personnel to seek other 
narcotic agents in its stead. 


Fentanyl! 


Fentanyl is a rapidly acting narcotic analgesic. It is a synthetic 
opioid 1000 times as potent as meperidine. One hundred micrograms 
is equianalgesic to 10 mg of morphine. The usual doses are 12 to 50 
wg IV. Itis highly lipid soluble and has a rapid onset and short duration 
of action. Intravenously, it produces analgesia almost immediately, 
with a peak action in 3 to 5 minutes, and a 30- to 60-minute duration. 
The short duration of action is due to redistribution rather than rapid 
metabolism. Repeated doses, especially over 100 wg, tend to be ac- 
cumulated in body fat stores, then re-released into the circulation. 
Fentanyl has been detected in fetal blood within 1 minute’ after ma- 
ternal administration, with peak levels in 5 minutes. When up to 1 pg 
per kg was administered intravenously to mothers during cesarean 
delivery, there were no adverse neonatal effects on Apgar scores, um- 
bilical cord blood gases, or neurobehavioral scores. Because of its 
ability to cause sudden and profound respiratory depression along 
with strong analgesia, it has not been used by labor and delivery per- 
sonnel for analgesia during labor. 


Appraisal of Fentanyl 


If fentanyl were to have a significant role in systemic analgesia 
during labor and delivery, it would have to be administered by anes- 
thesia rather than labor and delivery personnel, to ensure adequate 
patient monitoring and safeguards. It could be administered late in 
labor for an out-of-control parturient or in the delivery room for brief, 
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but painful procedures. Fentanyl is used more appropriately in con- 
tinuous lumbar epidural analgesia, as an additive to the local anes- 
thetic agents used in the epidural space. 


Alfentanil 


Alfentanil is a newly introduced ultrashort-acting synthetic 
opioid, with a fast onset and short duration. Early hopes were that, 
because alfentanil has a short duration of action in adults, this would 
also be true in the fetus and neonate. This has not yet been shown to 
be true. In fact, in sheep studies,° while maternal levels of alfentanil 
and sufentanil declined more rapidly than fentanyl following an in- 
travenous bolus, fetal narcotic concentrations of alfentanil declined 
more slowly than fentanyl. Golub et al, studying infant neurobe- 
havioral development in monkeys after maternal exposure to alfentanil 
or meperidine, concluded that neurobehavioral development at 3 
months of age was impaired to a greater extent after alfentanil than 
after meperidine. Chronic neurobehavioral impairment in these stud- 
ies was not related to persistent blood levels of the drugs or their 
metabolites. 


Appraisal of Alfentanil 


At the present time, the use of alfentanil for obstetric analgesia 
during labor cannot be recommended. 


Butorphanol and Nalbuphine 


There has been considerable interest in finding a drug that would 
combine potent analgesic effects with minimal respiratory depression 
and other side effects. Pentazocine (Talwin) has not achieved this 
distinction. Two of the newer agonist-antagonist agents, butorphanol 
(Stadol) and nalbuphine (Nubain), provide good analgesia with min- 
imal psychotomimetic effects due to sigma receptor stimulation. Bu- 
torphanol, 2 mg intramuscularly or 1 mg intravenously, produce res- 
piratory depression equivalent to 10 mg of morphine. However, 
whereas larger doses of morphine produce more respiratory depres- 
sion, increasing doses of butorphanol and nalbuphine do not,™ the 
so-called “ceiling effect.’*? The proposed explanation for this effect 
is that they are strong kappa-receptor agonists and weak mu-receptor 
antagonists. There is also, however, a ceiling effect on analgesia. Ma- 
duska and Hajgassemali*°® found no difference in neonatal Apgar 
scores, time to sustained respirations, or cord blood gases in neonates 
exposed to either butorphanol, 1 to 2 mg, or meperidine, 40 to 80 mg. 
Quilligan et al” reported than 1 mg of butorphanol achieved more 
effective analgesia than meperidine, 40 mg at 30 to 60 minutes after 
administration. Butorphanol may also be associated with fewer side 
effects such as nausea, vomiting, and dizziness than meperidine. Wil- 
son et al?” evaluated the use of nalbuphine given intravenously during 
active labor. He found no neonatal depression in this group of patients 
given 15 to 20 mg nalbuphine during active labor. The main side effect 
associated with both butorphanol and nalbuphine is drowsiness. Oc- 
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casionally, mild psychotomimetic effects can occur, but certainly not 
ones as severe as those seen with pentazocine. Butorphanol,”© but not 
nalbuphine, may increase pulmonary vascular resistance and myo- 
cardial work. 


Appraisal of Butorphanol and Nalbuphine 


The presence of a ceiling effect on maternal respiratory depres- 
sion and absence of metabolites with neonatal depressant effects of 
their own, make these drugs among the more desirable narcotic-type 
drugs introduced so far in obstetrics for systemic analgesia. They are 
easy to administer and monitor by labor and delivery personnel them- 
selves; there would seem to be little role for anesthesia personnel in 
their administration. Maternal drowsiness does occur, however, and 
inadequate analgesia due to the ceiling effect could be a major dis- 
advantage. 


PATIENT-CONTROLLED ANALGESIA 


The commonest means of narcotic administration during labor is 
by the intravenous or intramuscular route. This results in a bolus dose 
of narcotic to the mother with accompanying side effects when the 
blood level of the narcotic is high. PCA or small doses of intravenous 
narcotic administered on demand has achieved considerable success 
in postoperative analgesia, including post-cesarean—section analgesia. 
PCA contains a syringe delivery and control system. The parturient 
can trigger her own release of a small dose of narcotic in response to 
pain by pushing a hand-held button. A “lockout period” is preset in 
order to render the apparatus inoperable for a certain interval, pre- 
venting self-administration of excessive doses. Nalbuphine adminis- 
tration has been compared by PCA versus intermittent bolus doses.” 
Patients receiving nalbuphine by PCA had less drowsiness and were 
more satisfied with their analgesia than those in the intermittent dose 
group. The mean total dose of nalbuphine and the request for antie- 
metic medications was lower in the PCA group, and there was no 
difference in neonatal Apgar scores. A study? comparing intramuscular 
meperidine to PCA meperidine found improved patient satisfaction 
in the PCA group, with similar umbilical vein drug concentrations, 
Apgar scores, and cord blood gases in the two groups. 


Appraisal of PCA 


These clinical studies evaluating the use of PCA suggest that this 
method of providing analgesia may enable the mother to tailor her 
analgesic needs as labor progresses. PCA, especially when provided 
with butorphanol or nalbuphine, may provide a stable level of anal- 
gesia, avoid high blood levels of narcotic, and have few side effects. 
PCA is easy to set up and administer by labor and delivery personnel, 
and requires little in the way of monitoring. The services of anesthesia 
personnel are unlikely to be needed when this technique is used. PCA 
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may provide better pain relief with less medication. There may be 
greater parturient satisfaction with this self-controlling type of device 
as opposed to intramuscular or intravenous administration. High hos- 
pital and patient cost may be a deterrent to its use. Before PCA comes 
into standard use in the labor and delivery area, further investigation 
into its effects on maternal safety and neonatal outcome will be nec- 
essary. 


BARBITURATES 


Secobarbital (Seconal) and pentobarbital (Nembutal) may be used 
during the latent phase of labor to provide sedation and relaxation. 
Occasionally, they are used to “rest” the patient overnight following 
a “failed induction,” in preparation for a repeated attempt the next 
day. If given 12 to 24 hours prior to delivery in this way, they do not 
seem to be associated with neonatal depression. Barbiturates rapidly 
cross the placenta and can be associated with neonatal depression if 
given?’ during the active phase of labor. Barbiturates may also pro- 
duce a paradoxical antianalgesic effect in the presence of pain. This 
may be manifested by excitement, restlessness, and disorientation. 


Appraisal of Barbiturates 


The role of barbiturates in the parturient is strictly limited to an 
early latent labor, or when she requires overnight rest prior to re- 
starting induction in the morning. 


TRANQUILIZERS 


Tranquilizers may be beneficial to the mother during labor be- 
cause they relieve anxiety; some of these drugs also have antiemetic 
properties. l 


Benzodiazepines 


These drugs have anxiety-relieving, sedative, hypnotic, amnestic, 
anti-convulsant, and muscle relaxant properties. 


Diazepam (Valium) 


This drug has been well studied in obstetrics. It rapidly crosses 
the placenta? and fetal blood levels may exceed maternal levels. Small 
doses of 2 to 5 mg IV in labor,’t however, may have minimal effects 
except for decrease in the beat-to-beat variability of the fetal heart rate 
and lowering of neonatal temperature. Large doses of diazepam have 
been given intravenously during labor to control seizures in an 
eclamptic patient. Ifthe total dose administered to the mother exceeds 
30 mg, the drug and its metabolites may persist in the newborn for 
days® 1° producing hypotonia, hypoactivity, poor sucking reflex, and 
hypothermia. Large doses of intravenous diazepam may also interfere 
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with bilirubin binding to albumin in the newborn and therefore in- 
crease the susceptibility of the infant to kernicterus.** This is unlikely 
with a dose of 5 mg or less. Diazepam also causes burning along the 
course of the vein when injected; thrombophlebitis also has been re- 
ported along the venous injection site. 


Appraisal of Diazepam 


Even though small intravenous doses of diazepam have been used 
without significant adverse neonatal effects, it is likely that this agent 
will infrequently be used prior to delivery. Reports of deleterious 
neonatal effects of larger doses, burning pain on injection, and inci- 
dence of thrombophlebitis at the venous injection site, make other 
agents more desirable. 


Midazolam 


Midazolam is a water-soluble benzodiazepine with approximately 
twice the potency of diazepam, no active metabolites, and a shorter 
duration of action. The lack of thrombophlebitis at the venous site is 
also a desirable feature. It can also be administered intramuscularly 
as well as intravenously. After intravenous injection, effects are seen 
almost immediately and peak in about 3 minutes. Although it rapidly 
crosses the placenta,* adverse neonatal effects have to this date not 
been reported, perhaps because of its short duration of action and lack 
of toxic metabolites. 


Appraisal of Midazolam 


Although midazolam produces excellent relief of anxiety and 
would appear to have few fetal-neonatal effects because of its short 
duration of action, it has little to recommend it for sedation for labor 
and delivery. For most parturients, drug-induced amnesia for the 
events of labor and delivery would, today, not be considered a desir- 
able experience. Although it is supposed to have anticonvulsant prop- 
erties, it apparently has precipitated seizures in parturients with no 
seizure history. It may play a small role as part of an intravenous 
sedation technique in cases requiring manual removal of the placenta. 
Its primary use is relegated to maternal sedation during cesarean de- 
livery. Even in this situation” 1° in order to avoid maternal amnesia 
for delivery of the neonate, its administration should be delayed until 
the pediatricians have completed their ministrations to the baby, and 
it a brought over and shown to the mother at the head of the operating 
table. 


Promethazine and Hydroxyine 


Promethazine (Phenergan) and other phenothiazine derivatives 
are often used by labor and delivery personnel to provide sedation, 
allay anxiety, and reduce nausea and vomiting. Hydroxyzine (Vistaril), 
although not chemically related to the phenothiazines, has similar 
anxiolytic and sedative properties. These agents are commonly ad- 
ministered along with narcotics and can improve maternal sedation 
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and relieve anxiety without causing neonatal depression.?” °° They 
can alter beat-to-beat variability of the fetal heart rate. In one study?” 
comparing intramuscular meperidine 50 mg with meperidine 50 mg 
plus promethazine 50 mg, even though maternal sedation was in- 
creased in the group, which included promethazine, the incidence of 
depressed newborns was not increased. Also, the addition! of hy- 
droxyzine 50 mg to a narcotic increased sedation without increasing 
neonatal depression. 


Appraisal of Promethazine and Hydroxyzine 


In the past, these agents were commonly ordered by labor and 
delivery personnel and administered in an intramuscular dose along 
with meperidine by labor and delivery nurses. Anesthesia personnel 
were not required for administration of these agents. With the intro- 
duction of the agonist-antagonist agents, butorphanol and nalbuphine, 
to obstetric practice, with their additional sedative properties, the 
need for meperidine combinations with promethazine or hydroxyzine 
has largely been obviated. 


Ketamine 


Ketamine (Ketalar, Ketaject) is a so-called “dissociative anes- 
thetic” that produces intense analgesia, along with light sleep and 
preservation of spontaneous ventilation. Ketamine crosses the pla- 
centa rapidly*® 1° but does not produce neonatal depression unless 
doses of 1 mg per kg are exceeded. At higher doses, low Apgar scores 
and neonatal hypertonia have resulted. Ketamine in low doses (10 to 
15 mg) intravenously can be given to produce maternal anagesia with- 
out loss of consciousness.” This dose can be repeated every 3 to 5 
minutes, but should not exceed 100 mg over a 30-minute period, in 
order to avoid maternal hallucinations or loss of consciousness. Higher 
doses also predispose to a regurgitation-aspiration risk. In the low- 
dose mode of administration, ketamine may be useful during difficult 
vaginal deliveries in anxious parturients, as a supplement to pudendal 
block, or a marginally functional epidural block. 


Appraisal of Ketamine 


Ketamine analgesia for vaginal delivery is one mode of systemic 
analgesia for labor and delivery that provides a necessary role for anes- 
thesia personnel in its administration. 


SUMMARY AND CONCLUSION 


Systemic analgesics are still a viable option in labor and delivery. 
Despite recent ACOG-ASA recommendations that they consolidate, 
there still are a multitude of small labor and delivery units across the 
United States wherein access to services of anesthesia personnel ca- 
pable of providing epidural analgesia for routine labor and delivery 
cases will be difficult to provide. In these situations systemic anal- 
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gesia, although not providing as optimal a degree of analgesia as that 
by epidural block, can be reasonably and safely provided by labor and 
delivery personnel. They can use the newer drugs, butorphanol and 
nalbuphine, which provide analgesia with minimal fetal depression. 
The obvious drawback to this systemic analgesia technique is mater- 
nal somnolence, which makes it inferior to the continuous lumbar 
epidural analgesia technique. Maternal sedation with butorphanol or 
nalbuphine can also be instituted in an earlier stage of labor, before 
epidrual block is provided. PCA is a new and growing mode of an- 
algesia administration. It is likely that it will continue to gain in pop- 
ularity for labor analgesia, especially with the use of drugs such as 
butorphanol or nalbuphine. It is not likely, however, that anesthesia 
personnel will be required for PCA administration. Anesthesia per- 
sonnel involvement in systemic analgesia for labor and delivery will 
more likely be confined to administration of low-dose ketamine for 
difficult vaginal delivery in anxious parturients, where regional anes- 
thesia has not been used or is of insufficient quality. 
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Epidural Analgesia for Labor 
and Delivery 


Mary Jo A. Curran, MD* 


Epidural anesthesia is the paramount technique for the relief of 
pain during labor and delivery. It is safe for both mother and baby 
and may actually improve the fetal intrauterine environment. It can 
transform a very painful and anxiety-provoking experience into one 
that is pleasant and positive. Its advantages over other types of pain 
relief are well recognized. However, it does require a significant 
amount of time and personnel. In the United States, 16% of all laboring 
patients receive epidural analgesia? but the rates are much greater 
in large centers. An obstetric anesthesia service that does not offer 
epidural analgesia for labor is incomplete. By providing epidural an- 
algesia to the laboring patient, the anesthesiologist makes the most 
important contribution that he or she can make to alleviate the pain 
of childbirth. It is the one area of anesthesiology that provides im- 
mediate gratification to both the anesthesiologist and the patient. 


HISTORY 


The caudal approach to epidural anesthesia was introduced by 
Sicard and Cathelin in 1901. In 1921, Pages described the lumbar 
approach to epidural anesthesia but it was Dogliotti who made it pop- 
ular. Hingson and Edwards introduced continuous caudal analgesia 
in the United States in 1942. In 1949, Cleland described the use of a 
two-catheter technique to alleviate labor pain. One catheter was 
placed in the upper lumbar or thoracolumbar region, which blocked 
the pain pathways associated with the first stage of labor, and a second 
catheter was placed through the sacral hiatus into the caudal canal to 
relieve the pain of the second stage. He had previously described, in 
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1933, the pain pathways involved in labor. The first stage was blocked 
by paravertebral injections of local anesthetics of the 11th and 12th 
thoracic nerves and relief of the second stage pain was achieved by 
blockade of the sacral nerves. Cleland also noted that satisfactory sac- 
ral analgesia would be obtained by the injection of small doses of local 
anesthetics through lumbar epidural catheters in the sitting position 
in those patients in whom it was technically difficult to place a caudal 
catheter. 1 

The use of epidural anesthesia for obstetrics became popular in 
the 1950s. Many anesthesiologists found the double catheter tech- 
nique cumbersome and preferred the use of the single lumbar cath- 
eter. Reports of inadequate analgesia for the second stage soon ap- 
peared and the lumbar approach to the epidural space for vaginal 
delivery was abandoned in favor of the caudal technique. Large vol- 
umes of local anesthetics, up to 30 mL of 2% lidocaine for caudal 
analgesia, were recommended and used. However, in the 1950s and 
1960s attention to neonatal behavior and acid-base status disclosed 
that high concentrations of local anesthetics in the baby were asso- 
ciated with neonatal depression. It was also observed during this time 
that the parturient required lower doses of local anesthetics to achieve 
segmental blockade than her nonpregnant counterpart.!* Contrary to 
the previous reports that a lumbar epidural catheter would not provide 
adequate perineal anesthesia, it was noted that small doses of local 
anesthetics through the lumbar catheter would ensure good pain relief 
of the second stage. The lumbar approach became the preferred tech- 
nique over caudal and is almost exclusively used today. It is techni- 
cally easier to perform in the pregnant patient, requires a smaller vol- 
ume of local anesthetic, has a technical failure rate significantly lower 
than that of caudal, and a more predictable cephalad spread.** 


ANATOMY OF PAIN PATHWAYS 


The description of the sensory pathways by Cleland in 1933 is 
accepted today. The afferent sensory fibers from the entire uterus, 
including the cervix, are the A delta and C fibers that travel with the 
sympathetic nerves.!! The fibers pass into the lumbar and lower tho- 
racic sympathetic ganglia. The central connection is via the white rami 
communicans of the thoracic nerves 11 and 12, the posterior roots of 
these nerves, and the spinal cord. Blockade of T11 and T12 relieves 
the abdominal component of pain but as labor progresses patients may 
complain of severe backache. This seems to be due to recruitment of 
fibers from T10 and LI. Pain is felt in the lower abdomen, lower 
lumbar, sacral, and groin areas. The cutaneous distribution of these 
nerves is 8 to 10 cm caudal to their origin, which may explain why 
the parturient complains of pain in these areas. The most painful part 
of labor seems to be at the end of the first stage. It is unknown why 
uterine contractions are painful. Dilatation of the cervix and lower 
uterine segment is the accepted explanation. 
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Table 1. Pain Pathways of Labor and Delivery 





First stage 
Early labor T11-12 
Later labor T10-L1 
Second stage F10-L1 


S2—4 


In the second stage of labor, impulses are conducted via sacral 
nerves 2, 3, and 4 (the pudendal nerves), as well as via the pain path- 
ways associated with the first stage. Pain of the second stage is often 
less severe than the first stage. The cervix is fully dilated and the 
intensity of the pain lessens. At this time the patient is involved in 
pushing and may be less focused on the pain. Some patients experi- 
ence rectal pain during the latter part of labor, which is not blocked 
by epidural analgesia. This phenomenon is not well understood 
(Table 1). 

The parasympathetic nerves of the pelvis are involved in Fer- 
guson’s reflex. Stimulation of this plexus increases uterine activity in 
animals and may also in humans. 


PHYSIOLOGICAL CONSIDERATIONS OF EPIDURAL 
ANALGESIA 


Catecholamine Levels and Uterine Blood Flow 


The pain, anxiety, and physical exertion of labor produces wide- 
spread catecholamine release (Table 2). Stress induced in pregnant 


Table 2. Epidural Anesthesia for Labor and Delivery 


Advantages 
Provides excellent anesthesia 
Increases maternal oxygen saturations 
Increases uteroplacental blood flow, normal and preeclamptics 
Improves neonatal acid-base status 
Improves dysfunctional labor 
Allows a more controlled delivery 
Convert to use for cesarean section 
No neonatal depression 
An awake mother 
Disadvantages 
Prolongs second stage 
Higher incidence of instrumental delivery 
Risks inherent to epidural anesthesia 
Hypotension 
Dural puncture headache 
Intravascular/subarachnoid injection 
Other rare neurologic complications 
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ewes was associated with an increase in norepinephrine levels, in- 
creased maternal mean arterial pressure, and a concomitant decrease 
in uterine blood flow.” Increased levels of maternal catecholamines 
are associated with decreased uterine blood flow and deleterious fetal 
effects. Studies using the radioactive xenon-133 clearance techniques 
to measure intervillous blood in the parturient during the first stage 
of labor demonstrate an increase in uterine blood flow after epidural 
analgesia. A properly administered epidural anesthetic using 10 ml 
of 0.25% bupivacaine or 2% 2-chloroprocaine is associated with a 35% 
increase in intervillous blood flow in healthy laboring parturients.°° 
However, this same group showed no change in uterine blood flow 
during normal labor using 4 ml of 0.5% bupivacaine (20 mg) and 0.5% 
bupivacaine with epinephrine 20 pg.’ It is presumably the greater 
sympathetic blockade associated with the greater mass of bupivacaine 
that caused a significant increase in placental blood flow. There was 
an even greater increase in intervillous blood in patients with severe 
preeclampsia. Ten ml of 0.25% bupivacaine produced a 77% increase 
in intervillous blood flow.*° When a stable mean arterial blood pres- 
sure is maintained, placental blood flow is increased by either a re- 
duction in extrinsic vascular tone (uterine tone) or a decrease in in- 
trinsic vascular resistance (placental vasodilatation). Because there is 
no change in the resting tone of the uterus, there is presumed to be 
a decrease in the intrinsic vascular resistance of the placental bed. 

Catecholamine levels during labor are reduced by the induction 
of epidural analgesia. Epinephrine and norepinephrine plasma lev- 
els are significantly higher during labor than during the last trimester 
of pregnancy.*® Those patients who are more anxious have higher 
levels of catecholamines and decreased uterine activity, as well as 
longer labors.*® The mechanism by which the catecholamine level is 
reduced is related to the relief of maternal pain and not to the de- 
nervation of the adrenal medulla. Spinal anesthesia to the fourth tho- 
racic dermatomal level significantly decreased the catecholamine lev- 
els in pregnant patients who were in labor. There was no change in 
catecholamine levels in patients who were not in labor.” This suggests 
that the alleviation of psychological and physical stress associated with 
painful uterine contractions is responsible for the decrease in plasma 
catecholamines. 

It is concluded that the sympathectomy and relief of pain and 
anxiety with the resultant decrease in plasma catecholamines restores 
uterine blood flow to its nonstressed level. 


Effect on Maternal Oxygen Saturation and Neonatal Acid-Base 


Respiratory changes during pregnancy include an increase in tidal 
volume and ventilatory rate. This increase in minute ventilation 
causes lower PcOg levels (32 + 2 torr) in term parturients compared 
with nonpregnant controls. This increase in alveolar ventilation re- 
sults in an increased arterial oxygenation (106 + 8 torr). Pain usually 
causes the pregnant patient to hyperventilate, which shifts the oxy- 
hemoglobin dissociation curve to the left. This increases the maternal 
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oxygen affinity and makes the unloading of oxygen to the fetus less 
favorable. 

Hypoventilation follows these episodes of hyperventilation and 
decreases maternal arterial oxygen tension. A study that measured 
maternal oxygen saturation by pulse oximetry showed a statistically 
significant decrease in oxygen saturations and neonatal acid-base sta- 
tus in primiparas treated with meperidine and nitrous oxide when 
compared with a group receiving epidural analgesia. Among primi- 
paras treated with epidural analgesia, there was an insignificant de- 
crease in arterial oxygen saturation to 94 + 1.3% (compared with a 
pregnant control group of patients not in labor). There were highly 
significant differences between the oxygen saturations of the epidural 
group compared with the meperidine and nitrous oxide group whose 
per cent oxygen saturation was 88.8 + 3.9% (range 74 to 100%). The 
mean umbilical artery pH in neonates of primiparas with epidural 
anesthesia was 7.29 + 0.06, compared with 7.21 + 0.10 in those pri- 
miparas receiving meperidine and nitrous oxide, a statistically sig- 
nificant difference. The Apgar scores were not significantly different 
between the groups. Also, the group that received meperidine and 
nitrous oxide had significantly higher pain scores.”° It was concluded 
that the significant decrease observed in maternal oxygenation and its 
effects on neonatal acid-base status are probably pain-mediated, as 
indicated by a close correlation between the pain scores during labor 
and delivery and the differences between the groups after delivery. 
However, in the multiparous groups, there was no difference in pain 
scores, maternal oxygen saturations, and neonatal acid-base values, 
which further supports these findings. 


Cardiovascular Effects 


The hemodynamic effects associated with epidural analgesia for 
labor and delivery may represent a great hazard for mother and baby. 
Most of the effects are caused by blockade of the sympathetic fibers. 
Sympathetic blockade results in vasodilatation of the resistance and 
capacitance blood vessels. There is venous pooling and a decrease in 
venous return to the heart. The cardiovascular complications of epi- 
dural blockade are often preventable. Aortocaval compression in the 
term parturient is the rule and not the exception. It is the most dan- 
gerous vascular feature of the pregnant patient. When venous return 
is reduced the arterial blood pressure may remain normal because of 
an increase in vascular resistance. Large reductions in cardiac output 
can occur without a decrease in blood pressure (mean arterial blood 
pressure = cardiac output X systemic vascular resistance). Blood 
pressure measurements are most commonly taken in the arm. The 
pressure of the upper extremities may be normal while that of the 
lower body is decreased due to a decreased cardiac output and a de- 
creased vascular resistance. Occasionally there is an abnormal fetal 
heart tracing after epidural blockade in the presence of a normal ma- 
ternal blood pressure. This is presumably due to a decreased cardiac 
output causing a decrease in uteroplacental blood flow or possibly 
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uterine artery vasoconstriction. This effect is usually transient and not 
significant.” * The following measures are performed to maintain or 
improve cardiac output. 

Prevention and Treatment. All patients receiving epidural anal- 
gesia should receive an intravenous volume load of a glucose-free 
balanced salt solution. Five-hundred to 1000 ml of lactated Ringer’s 
solution or 0.9% NaCl are commonly used. A rapidly infused glucose 
load may cause maternal and neonatal hyperglycemia with subse- 
quent neonatal hypoglycemia. Care must be taken in volume loading 
the patients who are receiving beta agonists and those with severe 
preeclampsia because they are more prone to develop pulmonary 
edema. This fluid bolus needs to be given acutely within 20 to 30 
minutes of the sympathetic blockade. To avoid aortocaval compres- 
sion, left uterine displacement is provided by placing a wedge under 
the right hip or having the patient assume the left or right lateral 
decubitus position. A systolic blood pressure of less than 100 mm Hg 
or a decrease of more than 25% needs to be treated. If mild maternal 
hypotension occurs, the treatment is more left uterine displacement 
or a lateral decubitus position (if not already in this position) and a 
rapid infusion of 200 to 300 mL of intravenous fluids. A slight head- 
down position will improve cardiacvenous return. Ephedrine 5 to 10 
mg may be necessary if the hypotension does not respond rapidly to 
these measures or there is fetal compromise as seen by bradycardia 
or late decelerations. Ephedrine crosses the placenta and increases 
fetal heart rate and variability. These changes do not seem to be harm- 
ful to the fetus, but they may make the interpretation of the fetal tracing 
confusing. Oxygen needs to be given in cases of fetal distress after 
epidural induction. 


Decreased Epidural Dose Requirement in the Parturient 


In the 1960s, Bromage?? found that the term parturient requires 
about a third less local anesthetic in the epidural space than the non- 
pregnant control. It was thought that the epidural space was smaller 
in pregnancy at term because of the engorged epidural veins. A given 
amount of local anesthetic would have a greater spread. Pregnant pa- 
tients have a decrease in the dose requirements to about the same 
degree for general anesthesia. It has since been demonstrated that 
neural tissue in the pregnant patient is more sensitive to the effects 
of local anesthetics. It is believed that metabolic or hormonal changes 
are also responsible. 


Effects of Epidural Analgesia on the Progress of Labor 


Epidural anesthesia is often requested by the obstetricians for 
their patients with dysfunctional labor who require augmentation of 
labor with oxytocin. Oxytocin causes uterine contractions to be more 
intense and painful. An epidural anesthetic relieves this pain. How- 
ever, the anesthesia may then be attributed to being the cause of a 
prolonged labor. 

There are direct effects of local anesthetics on uterine tone, ac- 
tivity, and blood flow. Greiss et al?” demonstrated a dose-dependent 
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increase in uterine tone and a decrease in uterine blood flow when 
mepivacaine was systemically injected in pregnant sheep. Local an- 
esthetics cause vasoconstriction when applied in vitro to human artery 
segments. In clinical doses, there does not seem to be a significant 
effect on uterine blood flow. It would require a large intravascular 
injection of a local anesthetic to achieve blood levels capable of de- 
creasing uterine blood flow and increasing uterine tone. 

Numerous studies have been published about the effect of epi- 
dural analgesia on the progress of labor. There are many variables that 
affect the course of labor. These include size and position of the fetus, 
supine hypotension, maternal pain, level of catecholamines, polyhy- 
dramnios, parity of the mother, spinal reflexes, use of oxytocin, and 
the concentrations and volumes of the local anesthetics used in epi- 
dural anesthesia, to name a few. It is difficult to control for many of 
the variables involved in labor, and therefore makes the interpretation 
of many of these studies confusing and seemingly contradictory. 

Phillips constructed labor curves of 598 patients receiving lumbar 
epidural anesthesia for labor. Patients received bupivacaine 0.125% 
with epinephrine 1:200,000. There was no difference in the first stage 
of labor for nulliparous and multiparous patients.*? Jouppilla et al°* 
showed no change in the first stage of labor in a prospective study of 
100 patients receiving low-dose segmental analgesia (0.5% bupiva- 
caine, 4 ml initial dose and repeated as needed) compared with a group 
receiving meperidine.” Others have also showed that once labor is 
established, epidural anesthesia can actually accelerate labor in pa- 
tients who had previously demonstrated a dysfunctional labor pat- 
tern.’° There are several other studies that have shown that there is 
no slowing of the progress of labor of the first stage when patients are 
in the lateral position and hypotension is avoided. 

There are reports of a transient decrease in the progress of the 
first stage of labor. The causes of this finding may be the effects of 
epinephrine used in the local anesthetic solution producing a decrease 
in uterine activity, primarily a decrease in intensity without a change 
in frequency. 

More controversial is the effect of epidural block on the second 
stage of labor. Some obstetricians request that the epidural analgesia 
be allowed to wear off during the second stage. It has never been 
shown that patients push more effectively when in pain. In fact, the 
opposite has been demonstrated. In 1983, Phillips and Thomas”® 
showed that in primigravidas, there was a nonsignificant increased 
incidence of forceps use (43 versus 25%) and statistically significant 
incidence of persistent malrotations (4 versus 0) in a group that re- 
ceived no additional local anesthetic when the cervix was fully dilated 
compared with a group that received top-up doses for 0.25% bupi- 
vacaine (6 mL). There was no difference in the durations of the first 
and second stages.°° 

Naulty et al,*° in 1988, instituted an abrupt change in epidural 
technique at their institution. After establishing epidural blockade 
with 10 mL of 0.25% bupivacaine and 50 wg of fentanyl, analgesia was 
maintained until delivery with 0.125 to 0.25% bupivacaine and fen- 
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tanyl 2 wg per mL. They retrospectively evaluated patients who had 
received 1.5% lidocaine with epinephrine and received intermittent 
boluses of 1.5% lidocaine or 0.25 to 0.5% bupivacaine. No additional 
doses were given after full cervical dilatation. They found there was 
a statistically significant decrease in the cesarean section rate in the 
current group in whom analgesia was maintained until delivery. The 
incidence of forceps use also decreased from 17% in the group in 
which the epidural analgesia was allowed to wear off, to 6% in the 
more recent group.*© The limitation of this study is that it is retro- 
spective and there may have been other variables not taken into con- 
sideration. 

Chestnut et al, in 1987, showed in a blinded study that using a 
continuous infusion of 0.75% lidocaine beyond a cervical dilatation 
of 8 cm did not prolong the second stage or increase the incidence of 
instrumental deliveries in nulliparous patients. However, it did not 
provide adequate analgesia or perineal anesthesia. 

In a subsequent study, Chestnut et al,1® in 1987, demonstrated 
an increase in the second stage of labor (124 versus 94 minutes) and 
an increase in the use of instrumental delivery, both forceps and vac- 
uum (53 versus 28%) in nulliparous women in whom epidural anal- 
gesia was maintained with 0.125% bupivacaine compared with a group 
whose analgesia was allowed to wear off. However, maintenance of 
the anesthesia did not increase the incidence of cesarean sections or 
abnormal presentations of the vertex. There were no deleterious ef- 
fects on the fetus caused by maintaining analgesia. There were no 
significant differences between groups in umbilical cord acid-base 
values and Apgar scores.*© 

Most recently, (1988) Chestnut et al?” compared 0.125% bupi- 
vacaine with 0.0625% bupivacaine with fentanyl 2 pg per mL and 
showed that both prolonged the second stage of labor, and there was 
equal use of instrumental deliveries and analgesia. 

Abboud et al? evaluated the use of continuous infusion epidural 
analgesia in parturients, both primiparas and multiparas, receiving 
0.125% bupivacaine at a rate of 14 mL per hour, 0.75% chloroprocaine 
at 27 mL per hour, and 0.75% lidocaine at a rate of 14 mL per hour. 
There was no difference in the duration of the first stage or uterine 
activity among the three groups but the bupivacaine group had a sig- 
nificantly longer second stage (171 versus 113 minutes for the chlo- 
roprocaine group and 67 minutes for the lidocaine group). However, 
the analgesia was allowed to wear off if the patients lacked the urge 
to push. The number of instrumental deliveries and cesarean sections 
was significantly higher in the bupivacaine group compared with the 
other two groups. There was also a significantly higher incidence of 
late and variable fetal heart rate changes in the bupivacaine group 
compared with the other groups. These decelerations occurred be- 
tween 5 minutes and 4.5 hours after the induction of epidural anes- 
thesia. There was no difference in the 1- and 5-minute Apgar scores 
(6 or lower) and the Neurologic and Adaptive Capacity Score among 
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the three groups. The umbilical artery and vein acid-base values were 
within normal limits for all groups.’ 

Bates? found that uterine activity integrals in the second stage of 
labor in parturients with epidurals was significantly lower than those 
without epidural analgesia. 

Livnat et al** studied the acid-base status of neonates delivered 
either spontaneously or by low forceps or vacuum extraction. There 
was no difference in pH and base deficit of infants born by instru- 
mental versus spontaneous delivery if the duration of the second stage 
was less than 30 minutes.** Therefore, instrumental delivery is not 
detrimental to the acid-base status of the newborn. 

Kaminski et al?” published a retrospective review of 155 patients 
who had received 0.25% bupivacaine 10 mL and top-off doses of the 
same amount when needed. The frequency of instrumental deliveries 
was 50 versus 20% for a control group. The limitation of this study is 
that it is retrospective. Bailey and Howard’ showed there was a de- 
crease in spontaneous deliveries in the first 2 years after the initiation 
of an epidural service but there was no difference in instrumental 
deliveries in a subsequent year. They attributed this initial increase 
in instrumental deliveries to “midwive’s distress.” 

Factors that are thought to contribute to the use of forceps include 
relaxation of pelvic floor musculature and a delay in the rotation of 
the fetal head by decreasing the bearing down reflex (the efficacy of 
pushing may be reduced); the block of Ferguson’s reflex (parasym- 
pathetic nerves), which causes an oxytocin surge; and fluid loading, 
which depresses antidiuretic hormone and oxytocin release. Good- 
fellow et al?© measured plasma oxytocin levels in patients with epi- 
durals and in a group without epidurals. There was a significant in- 
crease in oxytocin in the patients without epidurals between full 
dilatation and crowning. They concluded that the need for forceps 
associated with epidurals might be reduced by giving exogenous ox- 
ytocin. 

Because there does not seem to be any detrimental effects on the 
neonate with a longer second stage or with proper application of in- 
struments for outlet vaginal delivery, epidural analgesia should be 
continued through the second stage whenever possible. The concen- 
tration and volume of the local anesthetic may be adjusted to maximize 
the patient’s motor strength while maintaining good pain relief. It is 
very undesirable to the patient to allow the analgesia to wear off. If 
a parturient is properly instructed she can and will push adequately 
under epidural analgesia and she does not need pain to prod her into 
bearing down. 

In 1988, the American College of Obstetricians and Gynecologists 
issued a recommendation that a forceps delivery be considered in 
nulliparous patients receiving an epidural anesthetic whose second 
stage of labor is greater than 3 hours, or more than 2 hours in a patient 
not receiving a regional anesthetic. This statement encourages phy- 
sicians to be more patient and give the patients with epidural blockade 
a chance to have a vaginal delivery.*” 
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In summary, epidural anesthesia does not significantly affect uter- 
ine activity during the first stage of labor. There may be a transient 
decrease in uterine activity that is most likely related to maternal hy- 
potension, aortocaval compression, systemic absorption of larger than 
normal doses of local anesthetics, the inhibition of oxytocin by fluid 
loading, or the absorption of epinephrine from epinephrine-contain- 
ing solutions. In more recent controlled studies it appears that when 
pain is adequately relieved, the duration of the second stage is in- 
creased. An increased duration of the second stage is not a problem 
as long as the fetus is continuously monitored and the fetal heart trac- 
ing and acid-base status is normal. There are conflicting reports re- 
garding the use of instrumental deliveries in patients with epidural 
blocks. The bulk of the literature suggests that there is a higher in- 
cidence of forceps and vacuum deliveries in those patients receiving 
epidural anesthesia through the second stage, whereas other data 
show no difference. Some of the confusion may be due to the vari- 
ability of the methods in the various studies. 


LUMBAR EPIDURAL ANESTHESIA 


Prior to the initiation of epidural anesthesia in the parturient it 
is necessary to evaluate the fetal heart tracing. Before inducing a block, 
we as anesthesiologists should be aware of the fetal status. Any wor- 
risome pattern should be discussed with the obstetrician and further 
evaluated with a fetal scalp sample as indicated. 

Epidural blocks are induced when the cervix is 3 to 4 cm dilated 
in the primiparous patient and 3 cm in the multipara. Labor should 
be in the active phase and will not be slowed down by neural block- 
ade. 

Since the parturient is at risk for aspiration of gastric contents 
some anesthesiologists administer a nonparticulate antacid to raise the 
gastric pH as prophylaxis in case an untoward event that may com- 
promise the protective airway reflexes during the initiation of the 
block occurs. 

All precautions to avoid hypotension need to be taken. A 1 L 
solution of Ringer’s lactate is given within 20 minutes of the initiation 
of the block. Exceptions to this acute hydration are patients with se- 
vere preeclampsia, the patient receiving beta agonists, and any other 
medical condition that predisposes the patient to pulmonary edema. 

Either the sitting or lateral position is satisfactory. The L2 to L3 
or L3 to L4 interspace is usually chosen, but if the interspace is narrow 
or difficult to palpate then another interspace is appropriate. The ep- 
idural is performed in the usual manner. 


USE OF A CARDIOVASCULAR MARKER AND TEST DOSE 


Perforation of an epidural vein by a needle or catheter in the 
gravid parturient occurs in nearly 3% of the patients in some series.*” 
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Entry into a vein is not always obvious, whereas that of a dural punc- 
ture is usually readily detected. In the nonpregnant population, an 
intravascular injection of 15 pg of epinephrine reliably produced a 
tachycardia lasting at least 30 seconds.*? The usefulness of an epi- 
nephrine-containing test dose is controversial in the laboring patient. 
The patient is usually tachycardic to start with and many times does 
not have continuous ECG monitoring, so the reliability of an intra- 
vascular injection of epinephrine is questionable.*° Systemically ab- 
sorbed epinephrine may have deleterious effects on the fetus by de- 
creasing uterine blood flow.” Systemically injected epinephrine may 
be especially dangerous in the preeclamptic patient who could then 
become severely hypertensive. 

Proponents of an epinephrine test dose argue that the decrease 
in uterine blood flow would be transient, as seen in animal studies. 
Also, the morbidity related to an intravascular injection of a large dose 
of local anesthetic is much greater than that of the epinephrine. 

A test dose of isoproterenol may be a safer alternative to epi- 
nephrine in the laboring parturient. Isoproterenol 0.005 mg consis- 
tently produced an increase in maternal heart rate of at least 30% in 
gravid ewes and did not decrease uterine blood flow.® Chloroprocaine, 
100 mg, given intravenously in male volunteers has been shown to 
be 100% sensitive and specific for producing symptoms.”8 

There is no agreed upon test dose for the laboring patient. To 
avoid disastrous complications, it is best to aspirate prior to each 
injection, give every dose as if it were a test dose utilizing 3- to 5-mL 
increments and allowing a sufficient amount of time to detect a sub- 
arachnoid or intravascular injection. Slowly inject the anesthetic and 
have resuscitation equipment immediately available. The best mon- 
itor is the patient, therefore frequently observe and ask for evidence 
of intravenous injection. 


THE DIFFICULT BACK 


Some anesthesiologists consider lumbar epidural anesthesia to be 
contraindicated in patients with previous spinal surgery. Case reports 
of epidural anesthesia in patients with extensive spinal surgery for 
idiopathic kyphoscoliosis shows that it can be safe and effective.”* 
The insertion of the needle through the midline or lateral approach 
in the fused area may not be possible because of the presence of scar 
tissue or bone. Success in reaching the epidural space requires pal- 
pating for an intervertebral space below the fusion and proceeding in 
the usual fashion. If the fusion extends to S1, attempts need to be made 
at various interspaces. There may be many false passages and no anes- 
thesia will develop. However, the epidural space may be reached 
because of a defect in the fusion. In 12 obstetric patients with Har- 
rington rods extending from T4 to L5 to S1, the epidural space was 
reached in six patients. There was a dural puncture in one of the six. 
In the five patients with successful epidurals, the local anesthetic 
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requirement was the same as in patients without spinal surgery. None 
of the patients developed back pain.*! 


CHOICE OF LOCAL ANESTHETICS 


There are essentially three local anesthetics of various concen- 
trations that are commonly used and numerous combinations of local 
anesthetics and opioids with and without epinephrine that are safe 
and provide excellent analgesia. The needs of the pregnant patient 
and her obstetrician can best be met by the use of various concentra- 
tions and volumes of local anesthetics in combination with opioids. 

Local anesthetics differ in their onset time, duration, intensity of 
sensory and motor block, toxicity, predisposition to the development 
of tachyphylaxis, and effects on the neonate. Other factors are the 
concentration, volume, and the addition of epinephrine and opioids. 

Chloroprocaine has a very rapid onset and a short duration of 
action, 45 to 60 minutes. Its systemic toxicity is the lowest because of 
its ultra-short half-life of 21 seconds in the mother and 43 seconds in 
the fetus. Because of this short half-life, chloroprocaine has the unique 
property of no cumulative toxicity. It is often the drug of choice when 
converting a labor epidural to one for a cesarean section in the case 
of fetal distress. There was an association of permanent neurologic 
injury as well as adhesive arachnoiditis and unintentional subarach- 
noid injection of a large volume of chloroprocaine. This is thought to 
be due to the combination of the low pH of the solution and the pres- 
ence of the antioxidant sodium bisulfite. There is currently available 
a bisulfite-free chloroprocaine. Methyl and propyl-paraben are pre- 
servatives added to local anesthetics. These compounds are known to 
cause severe and intractable contract dermatitis. In the United States 
and Canada, it has been recommended for many years that these pre- 
servatives should not be employed for caudal or epidural anesthesia.** 

Lidocaine with epinephrine is rapid in onset, reliable, and has 
an intermediate duration of action, 70 to 90 minutes. It is suited for a 
top-up dose for perineal anesthesia, short duration multigravida la- 
bors, and for cesarean sections. Tachyphylaxis may develop after four 
or five top-up doses. An acidotic fetus will ion-trap the lidocaine, 
which may result in further depression, especially in premature fe- 
tuses. 

Bupivacaine is the most commonly used drug for labor. It has a 
slow onset and a longer duration of action, 2 to 3 hours. It is indicated 
for long labors or for use in early labor. Its effectiveness is increased 
by the addition of opioids and epinephrine. Motor block is more com- 
mon when using the 0.5% concentration. Bupivacaine 0.75% is no 
longer recommended for use in obstetrics because of cardiotoxicity 
and related maternal mortality.® Although the 0.75% concentration per 
se is not more cardiotoxic, it is possible for the anesthesiologist to 
administer more milligrams more rapidly with this solution. 
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Continuous infusion lumbar epidurals have become increasingly 
popular and are used exclusively at many centers. The advantages are 
(1) the provision of constant analgesia; (2) the maintenance of a more 
stable maternal cardiovascular system; (3) if the catheter migrates into 
a vein, the block will dissipate but there will be no local anesthetic 
toxicity; and (4) if there is migration into the subarachnoid space, the 
block will rise slowly. The disadvantages are that the rate of the in- 
fusion may not be satisfactory and intermittent bolus injections may 
be necessary to maintain adequate analgesia, and that motor block is 
not uncommon after a few hours. The rate of the infusion may be 
adjusted up or down depending on the density and level of the block. 
The use of continuous infusion epidural analgesia does not decrease 
the amount of attention the anesthesiologist needs to give the patient. 
These patients need to be evaluated at regular intervals to assess the 
levels of the sensory and motor blocks and require continuous fetal 
heart rate monitoring. 

Bupivacaine 0.125% (with or without an opioid and epinephrine) 
at a rate of 10 to 14 mL per hour is a popular method of managing a 
continuous infusion for the first stage of labor. The patient is com- 
fortable but retains some sensation, and there is less of a motor block 
than with higher concentrations. There is a higher incidence of top- 
up doses compared with 0.25% bupivacaine, but it seems to be a rea- 
sonable compromise. 


EPIDURAL USE OF OPIOIDS 


The rationale for the combination of opioid and local anesthetic 
is that more dilute solutions of the local can be used, thereby de- 
creasing the amount of motor block and enabling the parturient to 
push more effectively. Justins showed, in 1982, that the addition of 
fentanyl 80 wg to a test dose of 0.5% bupivacaine had a more rapid 
onset, more prolonged, and more complete analgesia than that pro- 
duced by the same dose of bupivacaine alone.*© The addition of fen- 
tanyl improves the analgesic quality of the dilute concentrations of 
0.125% bupivacaine.” Cohen etal,!° evaluated the addition of fentanyl 
50 and 100 ug to 0.25% bupivacaine 9 mL. They showed no significant 
improvement in analgesia compared with that produced by bupiva- 
caine alone. It is concluded that the addition of fentanyl improves 
the analgesia when added to dilute solutions of local anesthetics or 
small volumes of more concentrated solutions. The mass (mg) of bu- 
pivacaine needed for adequate analgesia is reduced. 

The addition of sufentanil, 20 wg, to 0.25% bupivacaine increased 
the duration of analgesia by over 50%. Sufentanil, 30 wg, caused a more 
rapid onset than bupivacaine alone. Although the duration was pro- 
longed and onset more rapid with sufentanil, the quality of anesthesia 
was similar to 0.25% bupivacaine.*® A potential disadvantage to using 
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sufentanil is that the required doses are relatively large and if injected 
intravenously could result in respiratory depression. 

Abboud et al, studied the effects on the duration of analgesia, the 
lengths of the first and second stages, and the side effects of butor- 
phanol, 1 to 2 mg, and morphine, 2 mg, to bupivacaine 0.25%. They 
found the duration of analgesia to be 40% longer for the butorphanol 
groups and 100% longer for the morphine group when compared with 
the bupivacaine 0.25% control group. The duration of the first and 
second stages was not significantly different. The side effects, pruritis 
and somnolence, occurred only in the morphine group. All neonates 
were vigorous and had good Apgar scores, acid-base values, and neu- 
robehavioral adaptive capacity scores (NACS).° 

Occasionally, the patient receiving fentanyl will complain of prur- 
itis. In most cases, this does not require treatment. Naloxone or nal- 
buphine in small doses relieves the itching without decreasing the 
analgesia. 

The continuous infusion at a rate of 10 mL per hour of alfentanil, 
10 ug per mL, and bupivacaine 0.125% had a faster onset and provided 
better analgesia than bupivacaine 0.25% at the same rate. The total 
bupivacaine doses were 61 mg in the alfentanil group and 114 mg in 
the control group."* 

Epidural opioids alone are usually insufficient for the relief of 
pain for labor and delivery. Epidural morphine, 7.5 mg, did not relieve 
stage one or two pain,*” but subarachnoid morphine and fentanyl have 
been effective.*! This combination may be useful in the patient who 
has cardiac disease and would not tolerate a decrease in systemic 
vascular resistance produced by the sympathectomy associated with 
epidural local anesthetics. 

In summary, the addition of an opiate to a local anesthetic aug- 


ments the analgesia, produces a faster onset, and prolongs the dura- 
tion, 1+ 36, 48, 58, 


ADDITION OF EPINEPHRINE TO LOCAL ANESTHETICS 


The addition of epinephrine is controversial. Epinephrine has not 
been shown to improve analgesia of a dilute solution of local anes- 
thetic, 0.125% bupivacaine, and an opioid, fentanyl 1 wg per mL, but 
epinephrine did increase the incidence of profound motor block.*® 
However, others have shown it will intensify the quality of the bu- 
pivacaine and fentanyl effect.©° Its use in higher concentrations of 
local anesthetics augments the motor blockade and is not desirable. 
Table 3 summarizes the loading and continuous infusion doses of local 
anesthetics and opioids currently used for labor. 

After initiating the block with the loading solution, assure that it 
is working properly and is bilateral. If it is not effective, insert another 
catheter. Ifit seems patchy administer another 3 to 5 mL of the loading 
solution or readjust the catheter, that is, pull back 1 cm. Once an 
effective block is established, begin the infusion. If there is break- 
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Table 3. Loading and Continuous Infusion Doses of Local Anesthetics and 
Opioids Used for Labor 





RATE 
DRUG LOADING SOLUTION INFUSION SOLUTION (ML/HR) 
Bupivacaine (B) 8—10 mL of 0.25% 0.25% B 7 
As above 0.125% B 12-14 
As above plus fentanyl 0.125% B and fentanyl 10-12 
50 ug 2 pg/mL 
10 mL of infusion 0.125% and sufentanil 10-12 
solution 1-2 pg/mL 
0.125% B and 0.125% B and 10 
alfentanil 10 pg/kg alfentanil 10 pg/mL 
10 mL 
0.125% B, fentanyl 50- 10 mL bolus of loading As 
100 ug, epinephrine solution needed 
1:400,000 10 mL 
Lidocaine (L) 1% L 9 mL, fentanyl 50 0.75% L fentanyl 2 pg/ 10 
wg, epinephrine mL 
1:400,000 
Chloroprocaine 2% Nesacaine methyl 0.5% Nesacaine methyl 30 


paraben free 10 mL 


paraben free 





through pain, a bolus of 5 to 10 mL of the loading solution and an 
increase in the infusion rate or an increase in the concentration of the 
infusion solution may prove helpful. 

If the block wears off or does not improve, the catheter may have 
migrated into a vein or out of the epidural space. It is important to 
emphasize that every bolus given through the catheter needs to be a 
3 to 5 mL test dose because of the possibility of this migration. 

The catheter may migrate into the subarachnoid or subdural 
space. The infusion of weak solutions of local anesthetics will cause 
a high block in 20 to 30 minutes, usually with a marked motor block 
of the lower extremities.*° (High block is discussed later in this ar- 
ticle.) It is important to instruct the patient to notify the nurse if she 
cannot move her legs. A member of the anesthesia team will be called 
by the nurse to evaluate the patient. 


EFFECTS ON FETUS 


As mentioned previously, there is improvement in the acid-base 
status in those neonates whose mother received epidural analgesia. 
Better control of delivery reduces risks of trauma to the infant. Some 
hazards include a decrease in uterine blood flow caused by maternal 
hypotension. The use of bupivacaine was associated with a greater 
amount of fetal heart rate abnormalities as compared with chloropro- 
caine and lidocaine, but there was no difference in outcome.’ * The 
addition of opioids has been shown to have no effect on Apgar scores, 
acid-base status, and NACS. 
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COMPLICATIONS 


Crawford reviewed 26,490 consecutive cases of labor epidurals. 
There were nine potentially life-threatening events that were either 
unintentional subarachnoid or intravenous injections of local anes- 
thetics. There were two serious but not life-threatening problems; one 
was an epidural abscess caused by an unsuspected vaginal strepto- 
coccal infection and the other was the development of a localized 
fibrotic reaction from a spicule of foreign material introduced into the 
epidural space that necessitated laminectomy. Thirteen were mod- 
erately serious including hypotension, severe hypertension, hyper- 
algesia (unexplained), leg pain, numbness, weakness, and backache. 
There were 17 mildly disturbing incidents that were primarily shear- 
ing off of a small part of the catheter in the epidural space. None of 
these complications resulted in permanent injury, with the exception 
of two laminectomy scars.”1 


Hypotension 


Hypotension is one of the more common complications. It is usu- 
ally caused by inadequate intravenous fluid preload or aortocaval 
compression. A high block caused by an unintentional subarachnoid 
or subdural injection or a massive epidural is fortunately less common 
but a more severe problem that necessitates airway control as well as 
treatment of the hypotension. The etiology, prevention, and treatment 
have been discussed previously in this text. 


Seizures 


Seizures are the result of accidental intravascular injections. Se- 
curing the airway is the first step to be taken, because all parturients 
are at risk for aspiration. These seizures are self-limiting and usually 
do not last more than a few minutes. Giving the local anesthetic in 5- 
ml increments protects against achieving high plasma levels of drug 
in the case of the epidural needle or catheter being in an epidural 
vein. Patients may unreliably experience tinnitus, a metallic taste, 
dizziness, or other signs of mild central nervous system toxicity with 
these smaller doses. If a patient is not achieving a level or if the level 
has worn off (in the case of a continuous infusion), consider intrave- 
nous migration of the catheter. 


Dural Puncture 


The incidence of dural puncture varies with the experience of 
the anesthetist. Overall, there is an incidence of 2 to 3%.” The in- 
cidence of headache can be greater than 70% with an 18-gauge 
needle.!* Headache develops within 48 hours and is usually more 
severe on the second day. Repeating the epidural at another interspace 
and cautiously administering the local anesthetic is recommended. 
Some of the drug may enter the CSF via the puncture, so itis important 
to give small boluses and reassess after each increment. 

Although older information has suggested lack of effectiveness, 
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15 to 20 mL of autologous blood given through the catheter after de- 
livery may avoid the development of a headache. A recent study eval- 
uated the effectiveness of immediate prophylactic blood patching. Fif- 
teen to 20 mL of autologous blood was given through the catheter in 
10 nonobstetric patients and was effective in 100% of the cases.5? 


High Block 


A potentially life-threatening problem is that of a high block. This 
may be caused by subdural or subarachnoid migration of the catheter 
or by massive epidural spread. Turning the epidural needle once it 
is in the epidural space may lacerate a section of the dura and pre- 
dispose one to a subdural or subarachnoid injection. The first com- 
plaint by the patient may be dyspnea and if the high block is not 
recognized and treated immediately she may progress to respiratory 
and cardiovascular arrest. The patient may not be under close super- 
vision when the catheter has migrated through the dura and therefore 
poses a more dangerous situation than if it occurs soon after placement 
of the epidural. Failure to aspirate cerebrospinal fluid from the cath- 
eter does not rule out subarachnoid placement. 

A subdural migration or placement of a catheter is the insertion 
of the catheter between the dura and arachnoid membranes. The char- 
acteristics of the block are moderate hypotension, slow onset of symp- 
toms (15 to 20 minutes), slow onset of respiratory distress, and com- 
plete recovery in about 2 hours. The only way to confirm a subdural 
placement is by the injection of contrast material via the catheter into 
the subdural space. The radiographic appearance is characteristic. 


Inadequate Block 


Occasionally analgesia is incomplete over a localized area or is 
unilateral. Unblocked segments have been reported to occur in about 
15% and unilateral blocks in 1.3% of lumbar epidurals.”° In most cases 
there is a technical explanation and the problem is readily remedied. 
If one or more spinal segments are not blocked, the addition of 5 mL 
of the local anesthetic solution, with the patient in the complete lateral 
position with the affected side down, usually solves the problem. The 
addition of an opioid is often beneficial in this situation. In rare cases, 
the pain persists in spite of additional local anesthetic and opioid, and 
replacing the catheter may help. This problem of “patchy”’ block re- 
mains an enigma. 

Unilateral blocks occur with catheter placement in the anterior 
area (ventral) of the nerve roots.” If the block is not completely uni- 
lateral, the addition of more local may help, buta completely unilateral 
block usually requires pulling back the catheter 1 cm or repeating the 
epidural. It is recommended to not thread the catheter more than 3 
cm beyond the tip of the needle because it is more likely to pass out 
of the epidural space through the intervertebral foramen or kink or 
knot in the epidural space. 

It is usually futile and potentially dangerous to give repeated in- 
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jections when the block is unsatisfactory. It is best to replace the cath- 
eter at another space after one or two unsuccessful boluses. 


Backache 


The incidence of low back pain has been reported to be 30 to 
40% following delivery.2° Back pain is not caused by epidural anes- 
thesia but is caused by not supporting the lordotic curve of the lumbar 
area during labor and delivery. 


Other Neurologic Problems 


Adhesive arachnoiditis was mentioned earlier in the text and is 
an infrequent problem. With the newer bisulfite-free chloroprocaine 
and methyl-paraben—free (MPF) local anesthetics, its incidence 
should be extremely low. 

Most nerve deficit problems are due to labor and delivery and not 
due to the use of epidural anesthesia. Foot drop results from compres- 
sion of the lateral popliteal (common peroneal) nerve at the level of 
the neck of the fibula by a stirrup. A prolonged lithotomy position can 
cause compression of the lateral femoral cutaneous nerve at the in- 
guinal ligament and result in decreased sensation over the lateral 
thigh. Sciatica may be caused by sciatic nerve compression by the 
fetal head or forceps. It is important that the anesthesiologist inves- 
tigate any neurologic complaint and involve a neurologist. An elec- 
tromyogram performed early and some weeks later can help determine 
the location and time of occurrence of the injury. 

An epidural abscess and hematoma are extremely rare. If a patient 
is receiving mini-dose heparin, obtain a partial thromboplastin time 
before proceeding with an epidural. Preeclamptics may have normal 
platelet counts but dysfunctional activity.” Currently there is no uni- 
versally agreed upon recommendation about doing a bleeding time 
on these patients. If a patient has a recrudescence of herpes simplex 
II, there is no viremia and it is appropriate to administer an epidural 
as long as there are no cutaneous lesions in the lumbar area. Ob- 
viously, an epidural should not be placed if there is a coagulopathy 
or untreated infection. If the anesthesiologist suspects cord compres- 
sion by a lesion, it is crucial to have a neurologist evaluate the patient 
immediately. 


Unrecognized Uterine Rupture 


The cesarean section rate in the United States is 24%. More 
women are being strongly. encouraged to have vaginal births after 
cesarean sections. A trial of labor is successful in 50 to 80% of women 
with previous low transverse uterine incisions. There is no report of 
a maternal death due to the rupture of this type of incision. However, 
a concern has been that epidural analgesia may mask the pain of rup- 
ture. Crawford has suggested that pain of organ rupture will break 
through routine epidural analgesia. Furthermore, pain and uterine 
tenderness are not sensitive indicators of a lower uterine scar de- 
hiscence. Epidural anesthesia has not been found to have adverse 
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effects on the patient undergoing a vaginal birth after cesarean sec- 
tion.” These patients should all have a fetal monitor and uterine ac- 
tivity monitor in situ. 


SUMMARY 


Epidural anesthesia for labor and delivery is the safest technique 
that provides complete pain relief. The discovery of spinal opiate re- 
ceptors and the effectiveness of small doses of opiates augmenting the 
analgesia of dilute concentrations of local anesthetics has greatly in- 
creased the choice of solutions in the anesthesiologist s armamentar- 
ium. We are better able to customize the anesthetic to the needs of 
the patients and our obstetric colleagues. The benefits of epidural 
anesthesia are numerous and the risks small when proper precautions 
are taken. 
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Anesthesia for Cesarean Section 


Laurence S. Reisner, MD* 


The anesthetic care of the cesarean section patient has improved 
dramatically over the last few decades. An interesting and important 
theme has been that of a shift in emphasis of concern between mother 
and fetus. During the 1970s the primary focus of both clinical care 
and academic study was on the effects of anesthetic techniques on the 
fetus. This much needed concentration was redirected toward the 
mother in the-1980s as evidence of maternal neurotoxicity and car- 
diotoxicity from popular local anesthetic agents surfaced. In the cur- 
rent era a reasonable balance of concern has been reached and al- 
though the same basic anesthetic choices exist, subtle refinements in 
technique and a more thorough understanding of the physiology and 
pharmacology involved have led to a safer outcome for both mother 
and neonate. Indeed, anesthesia as a cause of maternal death is on 
the decline. This apparent evolution of safety has been ascribed to 
the more widespread use of regional anesthesia by some”® and in all 
probability to the employment of more extensive physiologic moni- 
toring. Regardless of the anesthetic technique selected, there are cer- 
tain physiologic and pharmacologic principals that must be recognized 
and properly managed in order to assure optimum conditions for both 
mother and fetus. 


PREMEDICATION 


The usual goals of anesthetic premedication are to dry secretions, 
prevent vagal activity, provide anxiolysis, ensure analgesia for un- 
comfortable preoperative procedures, and provide a basal analgesic 
state. Although some of these goals may be met by psychoprophylactic 
techniques, others require pharmacologic agents. The majority of ce- 
sarean section patients do not require sedative or analgesic preme- 
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dication. Itis not unreasonable to administer an anticholinergic agent 
to this population as it will decrease secretions and lessen the chance 
ofa bradycardia from either sympathetic blockade induced by regional 
anesthesia or from general anesthetic manipulations. Although atro- 
pine may cross the placenta and increase fetal heart rate with a re- 
duction in beat-to-beat variability, glycopyrrolate does not readily do 
so. This is the agent of choice of many obstetric anesthesiologists. 
Although this class of drugs has effects desirable for the patient facing 
an anesthetic, they also are recognized as having a negative effect on 
maternal lower esophageal sphincter tone. In addition, the patient 
may be disturbed by the characteristic dry mouth. The anticholinergic 
agent may be given intramuscularly 30 to 60 minutes prior to surgery 
or intravenously just prior to administering the anesthetic. On rare 
occasion preoperative sedation for a cesarean section patient may be 
in order. This is most efficiently accomplished by intravenous titration 
of a small amount of a benzodiazepine such as diazepam (2 to 5 mg) 
or midazolam (0.5 to 2 mg) or a short-acting narcotic such as fentanyl. 
Small doses of these drugs should have minimal depressant effects on 
the fetus. Some anesthesiologists prefer to administer a small (5 mg) 
oral dose of diazepam approximately an hour before a scheduled ce- 
sarean section. Although tranquilizers, ataractics, barbiturates, and 
other sedatives may have some potential maternal benefits as a pre- 
medicant, they are usually avoided until after delivery of the infant. 
They offer little to the patient undergoing general anesthesia, and the 
patient with regional anesthesia can usually be comforted by the anes- 
thesiologist until delivery. 


MONITORING TECHNIQUES 


Modern technology has provided us with the ability to nonin- 
vasively monitor several important maternal physiologic parameters 
(Table 1). In addition to the routine monitoring of the EKG, pulse, 
blood pressure, and heart sounds during cesarean section, the use of 
these devices may improve maternal safety. One such example is the 
pulse oximeter, once a novelty and now virtually the standard of care. 
This device uses a transilluminating sensor that is placed over a 
nailbed or other vascular area. The sensor detects the pulse wave and 
measures oxyhemoglobin saturation. The pulse rate and the per cent 
saturation are displayed on the console and an audible signal quickly 


Table 1. Monitoring the Anesthetized Parturient 


Oxygen saturation (pulse oximeter) 
. Blood pressure 

. Precordial stethoscope 

. End-tidal carbon dioxide 

. Electrocardiogram 
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alerts those in the operating room of declining saturation. This device 
is accurate and rapidly responsive to falls in arterial oxygen saturation 
and provides a warning far earlier than do the usual clinical signs of 
hypoxemia. If placed on the parturient’s right foot it may also alert to 
aortic compression if the pulse wave signal is lost. The pulse oximeter 
should be employed during regional as well as general anesthesia as 
problems other than those directly related to anesthesia may be de- 
tected, for example, amniotic fluid embolism. Although no strict stan- 
dard exists as yet, it is quite likely that this type of monitoring will 
become mandatory for all anesthetic procedures in the near future. 
Another very useful piece of equipment is the capnograph. The 
anesthetist will be alerted almost immediately of an esophageal in- 
tubation because no carbon dioxide will be measured with attempted 
ventilation. This alert occurs even before hypoxia ensues. The end- 
tidal carbon dioxide tension may also be followed during the course 
of general anesthesia and used to maintain optimum ventilation. Cap- 
nography may also be used to monitor respiration during regional 
anesthesia (with and without sedation) by connecting an intravenous 
canula to the sampling tube and inserting it into one of the holes in 
a green oxygen mask. Although the end-tidal COzg reading may not be 
accurate, it will monitor rate of ventilation and alert the anesthetist if 
the patient’s rate is very slow or becomes apneic. This instrument is 
also becoming a familiar sight in the operating room. Automated blood 
pressure cuffs are useful because they not only determine the blood 
pressure at proscribed intervals, but they also allow for alarm functions 
at high and low pressures and can provide a permanent paper record. 
All members of the obstetric care team can see the digital display and 
thus be aware of the patient’s status. Although certainly not required 
for routine cesarean section, the application of Doppler ultrasound to 
suprasternal probes allows for the noninvasive determination of ma- 
ternal cardiac output. The ability to obtain this measurement in a rapid 
fashion may be of major benefit when managing patients with cardiac 
disease, preeclampsia, or unexpected obstetric complications. 


LEFT UTERINE DISPLACEMENT 
The requirement for left uterine displacement during the third 


trimester of pregnancy is well established (Table 2). Obstruction of 
the inferior vena cava by the gravid uterus compressing this vessel 


Table 2. Left Uterine Displacement 





. Allows adequate maternal cardiac venous return 
. Avoids hypotension 

. Avoids increased uterine venous tone 

. Avoids aortic and iliac vessel compression 

. Prevents decreases in uteroplacental blood flow 


Ce GO DD m 





80 LAURENCE S. REISNER 


against the bodies of the lumbar vertebrae may result in a decrease 
in maternal cardiac output and blood pressure in the supine position 
as a result of venous pooling. This will lead to a decrease in uterine 
artery perfusion pressure. Obstruction of uterine venous drainage also 
diminishes the net uterine perfusion pressure. Uteroplacental per- 
fusion may also be compromised by compression of the aorta or the 
common iliac artery, even if maternal brachial artery blood pressure 
appears normal. Left uterine displacement becomes even more critical 
with the administration of regional anesthesia and its attendant sym- 
pathetic blockade. A recent study confirms the significant decrease in 
cardiovascular performance in gravidas moved from the left lateral tilt 
position to supine with an epidural anesthetic in place.*! Therefore, 
all cesarean section patients should have left uterine displacement, 
which may be easily accomplished with a wedge made of blankets or 
towels or can even be achieved by a simple gas-powered inflatable 
device constructed from materials commonly found in the hospital.!° 


ASPIRATION PROPHYLAXIS 


The pregnant patient at term is recognized as being at an in- 
creased risk for the regurgitation of gastric contents and their aspi- 
ration. This spectre has been well emphasized over the last two de- 
cades although failure to secure the airway during general anesthesia 
is becoming an equally serious or greater problem. It is commonly 
accepted that the parturient has an elevated intra-abdominal pressure 
and that the normal relationships of the gastrointestinal tract are al- 
tered by the enlarged uterus. The smooth muscle relaxing effects of 
progesterone on intestinal motility are similarly apparent. Gastric 
emptying is delayed and the lower esophageal sphincter is rendered 
less competent.” Gastric acid production may also be increased during 
the last trimester of pregnancy. Thus, the parturient can be assumed 
to have a full stomach regardless of the time of last ingestion and 
should she vomit or regurgitate, is at risk for aspirating either parti- 
culate matter or acid gastric juice into her bronchopulmonary tree. If 
one accepts the arbitrary current standard of a gastric volume greater 
than 25 mL and a pH of less than 2.5 as defining the population at 
greatest risk, approximately 25% of parturients fall into this category 
(Table 3). The absolute risk of dying from this complication is virtually 
impossible to determine as complete records are nonexistent, but in 
England and Wales this is the cause of death in one out of every 5000 
to 6000 cesarean section patients. 

At first this risk seems obvious only for general anesthetic tech- 
niques, but itis also present during regional anesthesia because a high 
spinal or epidural anesthetic quite effectively reduces the patient’s 
ability to cough and clear the airway. Central nervous system and 
cardiovascular responses to unintentional intravascular injections of 
large amounts of local anesthetic agents also put the patient at similar 
risk. Thus, the approach to preventing the complication of aspiration 
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Table 3. Factors Leading to Regurgitation and Aspiration 
During Pregnancy 


1. Delayed gastric emptying 
A. Anatomic 
B. Hormona] influences 
C. Narcotic analgesia in labor 
D. Anxiety 

2. Increased intragastric pressure 
A. Anatomic 
B. Iatrogenic 

3. Decreased lower esophageal sphincter tone 
A. Hormonal 
B. Pharmacologic agents 

4. Increased gastric acid secretion 
A. Physiologic 
B. Anxiety 





pneumonia is multipronged and of course varies with the selected 
anesthetic technique. 

Since acid aspiration produces a clinical picture similar to a chem- 
ical burn or acute adult respiratory distress syndrome, elevating the 
pH of gastric contents is a primary preventive measure. This may be 
achieved acutely by the administration of 15 to 30 mL of an oral antacid 
approximately 30 minutes prior to surgery. These have traditionally 
been of the particulate suspension type; however, more recent evi- 
dence suggests that these are also harmful to the lung and current 
recommendations are for the use of a clear antacid solution such as 
0.3 mol per L sodium citrate.!! Given adequate time, intragastric pH 
may be raised by employing a histamine H2 receptor antagonist such 
as cimetidine. This has been proven effective, but cimetidine impairs 
the hepatic metabolism of drugs such as the benzodiazepines and local 
anesthetics that may be undesirable in both mother and fetus. Cur- 
rently ranitidine is being evaluated as it does not appear to interfere 
as much in this fashion. These drugs are often used in combination 
with an oral antacid. 

While elevating the pH can be successfully accomplished, efforts 
to decrease the volume of gastric contents are less encouraging. Gas- 
tric suction has been advised but cannot be relied on fully to evacuate 
the stomach and is obviously uncomfortable for the patient. A phar- 
macologic approach to this problem has been studied with the chlor- 
benzamide derivative metoclopramide. It is an antiemetic and accel- 
erates gastric emptying by sensitizing gastric smooth muscle to the 
action of acetylcholine as well as having a direct autonomic effect. It 
also appears to elevate lower esophageal sphincter tone. Although it 
has been demonstrated to accelerate gastric emptying in mid-trimester 
abortion patients, it has not been shown to be as effective in cesarean 
section patients and its routine use has not been recommended.® 

Patients undergoing regional anesthesia for cesarean section 
should have their gastric contents alkalinized. Those undergoing gen- 
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Table 4. Measures to Prevent Aspiration with General Anesthesia 


. Oral antacid prophylaxis 

. Histamine H2 receptor blockage if adequate time 

. Metoclopramide administration (of questionable value) 

. Rapid sequence induction (or awake intubation for difficult airway) 
. Cricoid pressure during induction 

. Cuffed endotracheal tube 

. Extubation when awake and protective reflexes present 
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eral anesthesia are at greatest risk during the induction and emergence 
phases. The currently practiced technique is primarily oriented to 
minimize this maternal risk by employing a rapid sequence induction 
while an assistant maintains cricoid pressure. A cuffed endotracheal 
tube is inserted as soon as possible. The tube remains in situ until 
the patient is awake and has regained her protective reflexes. These 
steps allow for optimum protection of the airway during the time that 
the patient has lost her protective reflexes as a result of the induction 
agents and is most likely to regurgitate. Skillful mechanical protection 
from regurgitation (cricoid pressure) and protection of the airway (en- 
dotracheal tube) are the most important maneuvers in reducing the 
risk of an aspiration pneumonia associated with general anesthesia 
(Table 4). 


FLUID ADMINISTRATION 


The use of adequate volumes of intravenous fluid supplementa- 
tion has become a well-recognized part of the management of the 
cesarean section patient. Prior to performing regional anesthesia it is 
thought to be desirable to infuse between 15 and 30 mL per kg of a 
balanced salt solution to maintain intravascular volume in face of the 
sympathetic blockade that is produced. This form of therapy helps to 
prevent the hypotension that is the result of venodilation and pooling 
of a major portion of the blood volume in the lower extremities and 
the splanchnic bed. Although glucose is an essential component of 
maintenance fluid administration during labor, its use in bolus or re- 
suscitative fluid therapy is probably contraindicated in the obstetric 
patient. The rapid glucose load leads to a significant elevation in ma- 
ternal blood glucose level and this is rapidly reflected in the fetal 
circulation. When the neonate is delivered, and its activity increased, 
the utilization of glucose is escalated. The insulin response to the prior 
glucose load is not ablated, however, and hypoglycemia in the second 
hour of life is likely to occur. Jaundice was also more prevalent in 
infants of mothers receiving a significant glucose infusion prior to 
anesthesia for cesarean section.!” An interesting maternal observation 
is that colloid osmotic pressure seems to fall significantly in the post- 
partum period after a crystalloid fluid load.1* This may be of major 
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- concern for patients with preeclampsia or cardiac disease. Fluid load- 
ing prior to regional anesthesia is essential and appropriate, but the 
patient with exceptional circumstances requires additional consid- 
eration and monitoring. 

Although the availability of blood is essential for the safe conduct 
of obstetric surgery, the use of the type-and-screen procedure instead 
of crossmatching two units of whole blood seems far more prudent 
and cost effective. Studies of blood utilization for cesarean section 
patients have revealed that only 2 to 3% actually receive blood.® 7° 
The likelihood of a transfusion reaction from type- and Rh-specitfic 
blood with a negative antibody screen is virtually the same as after a 
crossmatch. Blood is rarely needed instantly, so there is time for a 
crossmatch to be completed in most cases after the blood is requested. 
Patients at higher risk for requiring transfusion, for example, those 
who are anemic, who have placenta previa or abruption, a coagulop- 
athy, or severe preeclampsia, are still candidates for a crossmatch 
prior to cesarean section. 


REGIONAL ANESTHESIA 


Regional anesthetic techniques are used for at least 60% of ce- 
sarean sections nationally and in some institutions this percentage is 
even greater. This preference for spinal and epidural anesthesia is 
shared by all involved in the care of the cesarean section patient and 
her infant as optimum operating conditions with stable hemodynamics 
and an awake mother may be provided. The father or significant other 
can be present to reassure the parturient and share in the delights of 
the delivery. There are, however, some circumstances in which re- 
gional anesthesia should be avoided. These would include maternal 
hypovolemia, coagulopathy, and infection at or near the site of injec- 
tion. There are several relative contraindications to regional anes- 
thesia that must be weighed on an individual basis. Some have argued 
that it should be avoided in the presence of severe preeclampsia; 
however, the use of invasive monitoring and careful fluid and anes- 
thetic management have led many groups to believe that regional 
anesthesia is quite satisfactory for these patients.?” 

No anesthetic is risk-free and there are complications that attend 
regional anesthesia for cesarean section. A high or total spinal anes- 
thetic may occur with either spinal or epidural anesthesia. The man- 
ifestations include not only complete sensory and motor blockade, but 
also hypotension, bradycardia, unconsciousness, loss of protective re- 
flexes, and respiratory arrest. As devastating as it appears, prompt in- 
tervention by the anesthesiologist to secure the airway with an en- 
dotracheal tube and ventilate the patient with oxygen as well as 
circulatory support with left uterine displacement, raising the legs, 
and administration of ephedrine should prevent any significant or last- 
ing sequelae. Central nervous system and cardiovascular toxicity may 
occur if the full epidural dose of local anesthetic is unintentionally 
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Table 5. The Epidural Test Dose 


1. Enough local anesthetic to produce spinal anesthesia 

2. A tracer (epinephrine) to detect intravenous injection 

3. Inject through the final delivery device (catheter or needle) 
4. Wait 5 minutes and observe carefully 


injected into an epidural vein. Convulsions, unconsciousness, ar- 
rhythmias, and cardiovascular collapse may ensue. Treatment is sim- 
ilar to that previously mentioned but more potent cardiac stimulation 
with drugs such as epinephrine may be required as well as closed- 
chest cardiac massage and defibrillation. The resuscitation may prove 
quite lengthy if bupivacaine is the local anesthetic as it produces a 
profound cardiovascular depression. The pregnant patient appears 
particularly susceptible to this problem.” It is advisable to avoid giv- 
ing large boluses of drug and to use a test dose designed to alert the 
anesthetist of probable intravenous placement (Table 5). This is often 
accomplished by the addition of 15 to 20 ug of epinephrine to the test 
solution. 

The most common side effect of regional anesthesia is hypoten- 
sion secondary to sympathetic blockade and venous pooling. This is 
usually not life threatening for the mother but the fetus may be placed 
at some jeopardy if systolic blood pressure declines more than 25% 
or falls below 100 mm Hg. Preventive measures include left uterine 
displacement, intravenous fluid loading just prior to the anesthetic, 
and occasionally prophylactic ephedrine. These measures reduce the 
likelihood of hypotension from 85 to about 15%. While ephedrine does 
cross the placenta, it does not appear to have an adverse effect on the 
neonate.’ Therapy is an extension of the preventive measures. An- 
other common concern is the post—lumbar-puncture headache. This 
may occur after an intentional spinal anesthetic or after an uninten- 
tional dura-arachnoid puncture in an attempt at epidural anesthesia. 
The incidence of headache is greater in the pregnant than in the non- 
pregnant population and is about 4 to 5% with a 22-gauge spinal 
needle for cesarean section.* The incidence rises with increasing 
needle size and thus approximates 50% with the 17- to 18-gauge ep- 
idural needle. Although this problem can be quite limiting to the post- 
cesarean section patient, treatment with an epidural blood patch re- 
sults in significant or complete relief in greater than 90% of patients. 

Persistent neurologic deficit is rare after properly conducted re- 
gional anesthesia and is estimated to occur in less than 1 in 10,000 
anesthetics. An association with a higher frequency of this compli- 
cation was suggested with 2-chloroprocaine (Nesacaine-CE) particu- 
larly when an epidural dose was unintentionally injected into the sub- 
arachnoid space. Current research points toward the antioxidant 
sodium (meta)bisulfite as being the neurotoxin when in a low pH 
vehicle, although not all groups are in agreement.'* ** Recent prepa- 
rations of the drug have no added bisulfite. 
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SPINAL ANESTHESIA 


Although spinal and epidural anesthesia have many similarities, 
there are some important, albeit at times subtle differences that may 
make one more favorable than the other for a given patient. The ad- 
vantages of spinal anesthesia are numerous. The endpoint of needle 
placement is clearly indicated by the free flow of cerebrospinal fluid 
and the time to locate the subarachnoid space usually brief. There is 
no test dose period to wait through and the onset of anesthesia is rapid. 
The amount of drug administered is small; therefore, there is no risk 
of systemic local anesthetic toxicity and a high spinal anesthetic is 
less likely to be persistent or produce neurologic sequelae because 
the amount of drug injected is the appropriate amount for the sub- 
arachnoid space. Although there is uptake of the drug into the maternal 
bloodstream and transplacental passage to the fetus, the blood and 
tissue levels achieved are much smaller than with epidural anes- 
thesia.!8 Many anesthetists believe that the quality of anesthesia is 
better with spinal anesthesia and that there is less discomfort with 
exteriorization of the uterus. Postoperative analgesia can be provided 
by injecting a small dose of morphine (0.2 to 0.5 mg) along with the 
local anesthetic agent. 

Among the disadvantages of spinal anesthesia is the fact that this 
is usually a single injection procedure. Thus, if the operation lasts 
longer than the drug selected, heavy sedation or general anesthesia 
may be required for the completion as there is no opportunity to rein- 
force the block. If the procedure is much shorter than anticipated, the 
recovery time is prolonged. Although the faster onset of anesthesia is 
an advantage in some circumstances, the onset of hypotension may 
be precipitous and profound. This may compromise a fetus with mar- 
ginal uteroplacental perfusion. Narcotic analgesics, for example, mor- 
phine, administered with the spinal anesthetic, pose a risk of delayed 
respiratory depression many hours after injection. The possibility of 
a post—lumbar-puncture headache is obviously greater after spinal 
anesthesia than after epidural anesthesia. 

The precise technical details of performing spinal anesthesia for 
cesarean section will vary, but generally adhere to the following out- 
line. Once the patient has arrived in the operating room appropriate 
monitors are applied and baseline values noted. Oxygen by face mask 
or nasal prongs is administered and an intravenous fluid bolus of 15 
to 30 mL per kg of lactated Ringer’s or other balanced salt solution is 
given shortly before the block. On occasion, a colloid may be preferred 
or used as part of the fluid load. Some anesthesiologists prefer to also 
give 25 to 50 mg of ephedrine intramuscularly as part of their hypo- 
tension prophylaxis routine. The patient is placed in the lateral de- 
cubitus position, or the sitting position if landmarks are not clear or 
if the lumbar interspaces cannot readily be opened in the lateral po- 
sition, and a 25- or 22-gauge needle is placed in the subarachnoid 
space at the L3 to L4 or L2 to L3 interspace. The selected drug is 
injected and the needle removed. The parturient is then placed supine 
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with left uterine displacement. The level is determined by the amount 
of drug injected and by properly positioning the patient with an un- 
derstanding of the curvatures inherent in the spinal column. A table 
that is level or that has a slight degree of Trendelenburg position is 
preferred. This should achieve a level between the fourth and sixth 
thoracic dermatome in most patients. This is desirable even though 
the surgical procedure itself is low in the abdomen as traction on the 
peritoneum frequently causes discomfort and levels at least this high 
are required to reduce this. 

The choice of drug will depend on the estimated duration of the 
cesarean section and the preference of the anesthesiologist. It is gen- 
erally believed that the pregnant patient requires less drug to achieve 
a given spinal level than her nonpregnant counterpart. This is because 
the spinal subarachnoid space is probably decreased in size in preg- 
nancy, the lumbar lordosis.is accentuated, thus facilitating cephalad 
spread of the hyperbaric drug, and the sensitivity of nerve tissue to 
local anesthetics appears to be increased.” Among the commonly used 
ester-linked local anesthetics are procaine and tetracaine (Novacaine 
and Pontocaine). Procaine is a rapid onset drug with a duration of 
surgical anesthesia of 30 to 45 minutes. Tetracaine is a more potent 
agent with an onset of 5 to 10 minutes and a duration of 60 to 120 
minutes. Some anesthesiologists combine the two drugs to gain rapid 
onset and longer duration. The duration of either may be prolonged 
by 30 to 50% by the addition of a vasoconstrictor such as epinephrine 
or phenylephrine. The amide local anesthetic lidocaine is quite pop- 
ular and is also a rapid onset agent with a duration of approximately 
40 to 75 minutes. Bupivacaine is the newest drug for spinal anesthesia 
in the United States and is rapidly gaining popularity as it has a rapid 
onset with a duration similar to tetracaine, yet post-surgical recovery 
from the block seems to be more rapid. All of these drugs are rendered 
hyperbaric by the addition of glucose. The ability of a vasoconstrictor 
to prolong spinal anesthesia with the amide local anesthetics is cur- 
rently a matter of controversy.'® 2° 


EPIDURAL ANESTHESIA 


The use of epidural anesthesia for cesarean section has increased 
significantly over the last two decades. This may be due to the fact 
that it is more widely taught than previously and many patients about 
to have a cesarean section already have an epidural catheter in situ 
that was used for labor analgesia. Epidural anesthesia may also be 
selected because of its specific advantages. Epidural anesthesia differs 
from spinal anesthesia in that a needle or catheter is placed in the 
epidural space and the local anesthetic finds access to the nerves by 
entering the dural cuffs surrounding the emerging nerve roots via 
arachnoid villi that penetrate the dura in this region.”” The spread of 
anesthesia is therefore more volume dependent and not related to 
specific gravity differences between local anesthetic solution and 
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spinal fluid. This requires approximately ten times the volume and 
five to ten times the dose of drug used for spinal anesthesia. 

One of the principal advantages of epidural anesthesia is the abil- 
ity to gradually advance and titrate the block when a catheter is in 
place. This coupled with its slower onset allows time for both en- 
dogenous and exogenous compensation for the sympathetic blockade, 
thus avoiding precipitous hypotension and reduction in uteroplacen- 
tal blood flow. This ability to maintain hemodynamic stability makes 
continuous epidural anesthesia a leading choice for patients with se- 
vere preeclampsia. It has been demonstrated that intervillous blood 
flow may actually be increased in patients with this disorder.*® Con- 
tinuous epidural anesthesia allows one to reinforce a weak block and 
to continue the anesthetic regardless of the duration of the procedure. 
The degree of motor blockade is less intense for a given level and this 
may prove to be advantageous for multiple gestations in which a high 
block may impair ventilation. The muscle pump in the lower extrem- 
ities may remain intact and thus reduce the incidence of phlebo- 
thrombosis. Postoperative analgesia may be instituted with a variety 
of epidural narcotic regimens and of course, there should be no oc- 
currence of post—lumbar-puncture headache unless there is an un- 
intentional dural puncture. 

The slower onset of epidural anesthesia may prove to be a dis- 
advantage in some situations, for example, a patient who is rapidly 
dilating with a double footling breech presentation. There is an oblig- 
atory test dose time of from 3 to 5 minutes plus that actual onset time 
of the surgical anesthetic dose of from 10 to 20 minutes. Much larger 
amounts of local anesthetic are required than with spinal anesthesia 
and if injected into an epidural vein could possibly result in systemic 
local anesthetic toxicity. If this dose should find its way into the sub- 
arachnoid space, a high or total spinal anesthetic would be the result. 
Maternal-fetal transfer of local anesthetic drug is greater than with 
spinal anesthesia, although with the usual amounts of drug adminis- 
tered should result in no significant neurobehavioral changes in the 
newborn.? 

The monitoring and preparatory measures for epidural anesthesia 
are similar to those for spinal anesthesia as is the requirement for left 
uterine displacement. If an epidural catheter is not in situ from prior 
insertion for labor an epidural needle, usually a 17- to 18-gauge Tuohy 
needle, is inserted in the L2 to L3 or L3 to L4 interspace. The epidural 
space is identified by the loss of resistance to injection of saline or air 
through the needle or by the identification of negative pressure with 
a manometric indicator, balloon, or hanging fluid drop. Although some 
would proceed to administer the anesthetic (after a test dose) as a 
single injection, most anesthesiologists prefer the continuous tech- 
nique and thus would insert a catheter 2 to 5 cm into the epidural 
space and remove the needle. The catheter is gently aspirated to de- 
tect the presence of blood or cerebrospinal fluid. After securing the 
catheter to the patient’s back a test dose of local anesthetic is admin- 
istered and the patient is observed quite carefully for the next 3 to 5 
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minutes (see Table 5). The test dose contains an amount of local an- 
esthetic just adequate to produce a normal spinal anesthetic and per- 
haps a tracer, such as epinephrine, to indicate intravenous placement. 
By the end of the test period one should observe no evidence of spinal 
anesthesia, no increase in pulse or blood pressure, and the presence 
of a small band of analgesia in the low thoracic and upper lumbar 
dermatomes. The surgical dose is then administered. If given through 
the needle, 15 to 25 mL of solution (approximately 1 mL per segment 
of desired blockade) are then injected and the needle removed. The 
two major maternal concerns, profound cardiovascular collapse and 
neurotoxicity from massive intrathecal injection, can be minimized or 
avoided by fractional administration of the local anesthetic. This is 
more easily accomplished via continuous catheter technique although 
not impossible by the single injection technique. This merely means 
that the total dose is divided into aliquots of 5 to 10 mL and the patient 
observed for 3 to 5 minutes between aliquots for signs of intravascular 
injection or subarachnoid block. 

The local anesthetics most commonly used are lidocaine (1.5 to 
2.0%), 2-chloroprocaine (2 to 3%), and bupivacaine (0.5%). Combi- 
nations, either in sequence or simultaneous, are occasionally em- 
ployed. Epinephrine 1:200,000 to 1:400,000 (5 to 2.5 ug per mL) may 
be added to reduce the rapidity of vascular absorption and prolong 
the duration of the block. The choice of drug is dependent on the 
desired speed on onset, expected duration, and maternal and fetal 
condition. 2-Chloroprocaine produces surgical anesthesia most rap- 
idly, followed by lidocaine and then bupivacaine. Lidocaine that has 
been buffered to a pH of 7 or greater by the addition of 1 mEq of 
bicarbonate per 10 mL of local anesthetic has an onset time equivalent 
to 2-chloroprocaine, that is, approximately 5 minutes.? The approxi- 
mate duration of 2-chloroprocaine is 40 to 60 minutes, lidocaine 60 to 
90 minutes, and bupivacaine 90 to 180 minutes. 

Epidural narcotics are now being administered intraoperatively 
both to provide postoperative pain relief and intraoperative supple- 
mentation. Preservative-free morphine sulfate in doses of 4 to 6 mg 
yields up to 24 hours of postoperative analgesia. Fentanyl in doses of 
50 to 100 wg provides additional analgesia in 5 to 10 minutes with a 
duration of 2 to 4 hours. It may enhance the quality of epidural anes- 
thesia during cesarean section. 

Spinal anesthesia can therefore rapidly provide suitable condi- 
tions for cesarean section and is useful for elective procedures as well 
as certain urgent or emergent obstetric problems. When minimal ma- 
ternal-fetal transfer of local anesthetic is essential this may be the 
technique of choice. Epidural anesthesia can similarly provide ex- 
cellent conditions for cesarean section, particularly when the ability 
to titrate the block and hemodynamic stability is desired. When flex- 
ibility is desired, continuous epidural anesthesia is a decided advan- 
tage. 
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SEDATION DURING REGIONAL ANESTHESIA 


Anxiety, sensation of pressure or tugging, or incomplete pain re- 
lief may indicate the use of adjuncts to the regional anesthetic tech- 
nique. There is a general tendency to avoid depressant drugs prior to 
delivery of the infant. Reassurance and encouragement from the anes- 
thetist are often adequate but there are times when pharmacologic 
intervention is appropriate. The inhalation of analgesic concentrations 
of nitrous oxide in oxygen or enflurane in oxygen may prove sufficient 
and should not prove depressant to the infant. Low-dose ketamine 
(0.25 to 0.5 mg per kg) will provide a modicum of analgesia and am- 
nesia without compromising maternal reflexes or the neonate. Small 
doses of fentanyl (50 to 100 wg) may be administered intravenously if 
required. Alfentanil may prove useful in this situation, but has yet to 
be evaluated. More potent sedation in the form of narcotic analgesics, 
barbiturates, or larger doses of benzodiazepines are best reserved until 
after delivery of the infant. The recognition of a truly inadequate re- 
gional block is important and one should convert this situation to a 
general anesthetic rather than oversedate the mother in an attempt to 
maintain the status of regional anesthesia. 


GENERAL ANESTHESIA 


Although the major emphasis in obstetric anesthesia has been on 
regional anesthesia over the last several years, general anesthesia still 
plays a very important role in the management of the cesarean section 
patient. General anesthesia is indicated for patients presenting with 
acute fetal distress and no pre-existing anesthetic, hypovolemic pa- 
tients, for example, bleeding placenta previa or abruptio placenta, 
patients with a coagulopathy, patients with certain cardiac lesions, 
patients who absolutely refuse regional anesthesia, and for patients 
in whom regional anesthesia could not be accomplished. There are 
relatively few contraindications to the use of general anesthesia, but 
it is best avoided in patients with a history of malignant hyperpyrexia, 
active asthma, or with abnormalities of the airway (Table 6). 

The general anesthetic technique is oriented toward minimizing 
the maternal risk of aspiration and the possibility of neonatal depres- 
sion. The patient is placed on the operating table with left uterine 


Table 6. Indications for General Anesthesia for Cesarean Section 


. Acute fetal distress (for example, prolapsed umbilical cord) 

. Acute maternal hypovolemia (for example, placenta previa or abruptio) 
. Significant coagulopathy 

. Inadequate regional anesthesia 

. Maternal refusal of regional anesthesia 
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displacement and the appropriate monitors applied. Measures to re- 
duce gastric contents or alkalinize them should have been instituted. 
Pre-oxygenation is instituted via a well-fitting mask for approximately 
5 minutes. If the patient is reluctant to breathe through the mask for 
this period of time, she may be allowed to breathe room air until just 
before induction and then asked to take four vital-capacity~type 
breaths. This will give her the same oxygen reserve as the traditional 
method.”° A small dose of a nondepolarizing muscle relaxant is given 
3 to 5 minutes prior to induction to prevent fasciculations from suc- 
cinylcholine. Induction is carried out after the abdomen has been 
prepared and draped and the obstetrician is ready. A rapid sequence 
induction is employed. This requires that an assistant apply pressure 
to the cricoid cartilage to occlude the esophagus until after an en- 
dotracheal tube has been correctly inserted and the protecting cuff 
has been inflated. Induction is usually achieved with 3 to 4 mg per 
kg of thipental or 0.5 to 1.0 mg per kg of ketamine. This dose is usually 
adequate to minimize maternal recall and should not negatively affect 
the neonate. This is immediately followed by 1.5 mg per kg of suc- 
cinylcholine to achieve rapid and complete muscle relaxation and 
optimal intubating conditions. After intubation and verification of bi- 
lateral breath sounds, the surgery may begin. The anesthetic is 
maintained with nitrous oxide in a concentration of 50% or less with 
oxygen and a low concentration of volatile agent, for example, halo- 
thane, enflurane, or isoflurane. The volatile agent decreases maternal 
recall and reduces the high catecholamine levels found with light 
anesthesia, thus improving uterine blood flow.”* These low concen- 
trations are adequate as the anesthetic requirement is decreased by 
20 to 30% during pregnancy and uterine tone is minimally affected. 
Muscle relaxation is maintained with any of the nondepolarizing 
agents or a succinylcholine infusion. The newer, shorter-acting drugs 
such as vecuronium and atracurium are quite useful for this operation. 
Muscle relaxants do not cross the placenta in quantities significant 
enough to affect the infant with the usual clinical doses. After the 
infant is delivered, the volatile agents are discontinued to allow for 
optimal uterine involution and the nitrous oxide concentration is usu- 
ally increased. Narcotics and sedatives are added to ensure adequate 
anesthetic conditions. At the conclusion of the procedure any residual 
nondepolarizing neuromuscular blockade is reversed with neostig- 
mine, endrophonium, or pyridostigmine and an anticholinergic to 
blunt their muscarinic side effects. Extubation is accomplished when 
the patient has regained her protective reflexes, can maintain her own 
airway, and responds to verbal command. 

A variety of maternal complications may occur with general anes- 
thesia. The most worrisome are the regurgitation and aspiration of 
gastric contents and failure to secure the maternal airway. Although 
the former has garnered the most attention in the literature, the latter 
is of equal, if not greater, significance. Measures to reduce the risk of 
aspiration have been previously discussed. The patient with an ap- 
parently difficult airway should have an awake or sedated awake in- 
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tubation, perhaps guided by the use of a fiberoptic bronchoscope. 
Many difficult airway problems are not identified prior to induction 
and alternate plans need to be in place for the unexpected failured 
intubation. These include mask ventilation with maintained cricoid 
pressure, cricothyroid membrane puncture with a large bore intra- 
venous cannula and jet ventilation with oxygen, cricothyrotomy, tra- 
cheotomy, or awakening the patient and either performing an awake 
intubation or converting to a regional technique when feasible.”° 
Other complications include bronchospasm, hypertension and its se- 
quelae, post-extubation laryngeal edema, and prolonged duration of 
muscle relaxants due to interaction with magnesium sulfate or ami- 
noglycoside antibiotics. 

The neonate should not be asleep as the result of general anes- 
thetic induction agents, such as pentothal, if these are kept in the 
recommended clinical range because they are largely removed by the 
first pass through the fetal liver from the umbilical vein. Further di- 
lution of the drug occurs with blood returning from the fetal extrem- 
ities and the intracardiac shunts and the ductus arteriosis lead to a 
minimal exposure to the brain. Repeated doses or excessive doses 
obviously may result in some neonatal depression. The inhaled agents 
should not depress the healthy neonate as long as induction to delivery 
time is not excessive. If it exceeds 10 minutes, nitrous oxide saturation 
begins to occur and the infant may demonstrate drowsiness in the first 
few minutes of life. If adequate ventilation is not established, diffusion 
hypoxia may ensue. There has been a great deal of concern about 
nitrous oxide’s effect as an inhibitor of methionine synthetase.” The 
brief period of exposure at cesarean section should not result in sig- 
nificant impairment although this has yet to be scientifically docu- 
mented. 

General anesthesia obviously has maintained great utility in ob- 
stetric anesthesia, particularly for either maternal or fetal emergency. 
When regional anesthesia is not desirable or possible it is the most 
viable alternative. Although a number of complications are potentially 
possible, these can be minimized by proper attention, monitoring, and 
observation. 


LOCAL ANESTHESIA 


The use of local anesthesia for cesarean section is all but a for- 
gotten art. It is rarely demonstrated in major teaching institutions 
today although some authors refer to it for some unusual circum- 
stances./* The advantages of being able to begin the procedure with- 
out having to await the arrival (and the hazards) of an anesthetist are 
certainly outweighed by the limitations of the technique. When used 
with a long midline abdominal incision, minimal application of re- 
tractors, and closure of the uterus in situ rather than extra-abdominally, 
it is possible to complete an abdominal delivery without excessive 
difficulty. However, the current popularity of the Pfannenstiel inci- 
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sion and uterine exteriorization for closure probably make this tech- 
nique virtually useless. If a life-threatening emergency exists and the 
obstetric anesthesiologist is not immediately available, one could 
begin the procedure with a field block and achieve delivery of the 
infant, employing general anesthesia for the closure. Certainly when 
working in underprivileged areas this may be the only means for pro- 
viding anesthesia as an anesthetist may not be available. Such indi- 
viduals should refer to standard texts for the recommended technique. 

The major patient complication is obviously discomfort. This can 
lead to straining and cause difficulty for the operator. The anesthetist 
asked to assist such a patient is faced with providing anesthesia with- 
out the opportunity to adequately assess the patient. The potential 
advantages are an immediate start and possibly the avoidance of prob- 
lems associated with major regional or general anesthesia. Current 
statistics on the use of anesthesia for cesarean section do not refer to 
the use of this technique. 

The available options for cesarean section anesthesia are spinal, 
epidural, and general anesthesia. Each method has been enhanced 
over the years to provide better operating conditions and increased 
maternal and fetal safety. The choice is made primarily by the re- 
quirements of the situation as each can be provided with nearly equiv- 
alent safety by today’s obstetric anesthesiologist. 
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Anesthetic Care of the Patient with 
Preeclampsia 


Robert B., Lechner, MD, PhD, * 
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Preeclampsia occurs in approximately 7% of pregnancies and af- 
fects about 250,000 American women each year.?? Hypertensive dis- 
eases associated with pregnancy accounted for 17% of the maternal 
deaths in the United States from 1974 to 1978,38 and for 50% of the 
deaths in Washington State from 1977 to 1981.5 A number of studies 
have indicated that the majority of maternal deaths associated with 
hyptertension resulted from intracranial hemorrhages.* 3° As anes- 
thesiologists become increasingly involved with both the prepartum 
and intrapartum care of these patients, an understanding of the path- 
ophysiology of this disease and its implications for anesthetic man- 
agement becomes imperative. 


DEFINITIONS, DEMOGRAPHICS, AND ASSOCIATED 
SYNDROMES 


Table 1 presents a categorization of hypertension associated with 
pregnancy based on classification criteria proposed by the American 
College of Obstetrics and Gynecology. 

The term pregnancy-induced hypertension (PIH), although often 
used interchangeably with preeclampsia, is a more generic term and 
includes gestational hypertension as well as preeclampsia and 
eclampsia. Preeclampsia is most likely to occur in the young nulli- 
parous patient with poor prenatal care. Other risk factors include di- 
abetes, chronic hypertension, multiple gestation, trophoblastic dis- 
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Table 1. Categorization of Hypertension Associated with Pregnancy Based 
on Criteria Proposed by the American College of Obstetrics and 
Gynecology 


I. Preeclampsia. The occurrence of hypertension with proteinuria, generalized 
edema, or both occurring after 20 weeks’ gestation. Preeclampsia may occur 
earlier than 20 weeks’ gestation in the presence of trophoblastic disease 
A. Mild preeclampsia 

1. Blood pressure = 140/90 mm Hg or an increase = 30 mm Hg in 
systolic pressure or = 15 mm Hg in diastolic pressure 
2. Proteinuria > 300 mg/L for a 24-hour period, or 1-2+ on two 
midstream, clean catch urine samples 6 hours apart 
3. Generalized edema 
B. Severe preeclampsia. Preeclampsia plus at least one of the following 
findings: 

Blood pressure = 160/110 mm Hg 

Proteinuria > 5 ¢/24 hours of 3—4 + 

Oliguria with urine output < 500 mL/24 hours 

Headache, cerebral disturbances, or visual changes 

Epigastric pain 

Pulmonary edema or cyanosis 

C. Eclampsia. Preeclampsia plus one or more seizures not attributable to any 
other cause 
II. Gestational hypertension. The occurrence of hypertension occurring after 20 
weeks of gestation without proteinuria or generalized edema 

III. Chronic hypertension. Hypertension occurring prior to 20 weeks’ gestation 

A. Chronic hypertension with superimposed preeclampsia or eclampsia 
B. Chronic hypertension aggravated by pregnancy 
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ease, advanced age, or grand multiparity.*° © 7° Patients who have a 
history of preeclampsia have a 33% chance of its recurrence with sub- 
sequent pregnancies,°® although the disease is usually of a milder form. 

Other physical signs and symptoms associated with preeclampsia 
include hyperreflexia, lethargy, and decreased mental status. Labo- 
ratory findings associated with preeclampsia often include an elevated 
hematocrit, uric acid, and creatinine. Bleeding time may be prolonged 
and platelet count and fibrinogen levels decreased. In severe cases, 
disseminated intravascular coagulation may be present or hepatic en- 
zyme levels may be elevated. The combination of hemolysis (H), ele- 
vated liver (EL) enzymes, and low platelet (LP) count has been re- 
ferred to as the HELLP syndrome | and is thought by some to be a 
variant of preeclampsia/eclampsia,” and may be associated with the 
development of hypoglycemia.” 


PROPOSED ETIOLOGIES 


Several etiologic theories of preeclampsia have been proposed 
including infection,°! abnormal immunologic response to the pla- 
centa, and prostaglandin abnormalities. Currently, there is no adequate 
animal model to study the condition, and this has impeded progress 
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Figure 1. Contribution of the imbalance of thromboxane and prostacyclin to the 
clinical signs and symptoms of preeclampsia. (From concept of Speroff L: Toxemia of 
pregnancy. Mechanism and therapeutic management. Am J Cardiol 32:582, 1973. Mod- 
ified by Gutsche BB, Cheek TG: Anesthetic considerations in preeclampsia-eclampsia. 
In Shnider SM, Levinson G (eds): Anesthesia for Obstetrics, ed 2. Baltimore, Williams 
& Wilkins, 1987, p 227; with permission.) 





toward finding its cause(s). In most of the proposed theories, placental 
ischemia is postulated to play a central role in the disease process. 

Abnormalities in the maternal immunologic*!** and vascular* 
responses to placentation have been described. These abnormalities 
in placental vascular development may result in placental ischemia 
with subsequent release of renin, activation of the angiotensin/aldo- 
sterone systems, and fluid retention and hypertension. 

The role that prostaglandins play in preeclampsia has received 
increasing ‘attention and has recently been reviewed.” Preeclampsia 
is associated with an underproduction of prostacyclin (a vasodilator), 
relative to thromboxane (a vasoconstrictor).°° It is not clear whether 
these changes in prostaglandin levels are an early or late phenomenon. 
In a longitudinal study looking at urinary metabolites, prostacyclin 
metabolites were normal until the women became clinically ill, at 
which time the levels decreased.’ It is possible that prostaglandins 
play a role in the development of clinical preeclampsia (Fig. 1), but 
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the changes in prostaglandins may be the result of an underlying pro- 
cess and not a primary cause of preeclampsia. 

More recently, Easterling and Benedetti!” postulated that the 
early, mild hypertension that is seen in patients who later go on to 
develop preeclampsia is due to an elevation in cardiac output accom- 
panied by a partial compensatory vasodilation. As the disease pro- 
gresses, vasodilatory reserve is exhausted, and eventually there is a 
“crossover to a high resistance state with progressively lower cardiac 
output, at which time the disease becomes clinically apparent. These 
authors have speculated that much of the renal and microvascular 
injury seen in the disease may be due to high-flow hemodynamic 
forces. Data supporting this hypothesis were recently presented,'* but 
it is not yet clear what the significance of these findings are or what 
factors lead to the early increase in cardiac output. 


PATHOPHYSIOLOGIC ALTERATIONS IN PREECLAMPSIA 


Preeclampsia, almost by definition, involves some degree of renal 
injury. Renal blood flow and glomerular filtration rate are reduced, 
resulting in decreased creatinine clearance. In some patients, renal 
tubular enzyme excretion has been observed, indicating acute cellular 
injury.” In severe cases, cortical necrosis and acute renal failure may 
be present.”* 

As stated previously, edema is a characteristic of preeclampsia 
and appears to be due to a combination of capillary endothelial defect, 
increased hydrostatic pressure, and decreased plasma oncotic pres- 
sure.” 32 58 There is a continuum in the degree of intravascular volume 
depletion seen in preclampsia. Figure 2 illustrates that central venous 
pressure (CVP) may remain normal in mild preeclampsia and pro- 
gressively decrease as the severity of the disease increases. The de- 
crease in intravascular volume often results in hemoconcentration and 
increased hematocrit.?° 

Cardiac output may be elevated in the early course of preeclamp- 
sia. In the later stages, the cardiac output may fall as preload de- 
creases; however, as seen in Figure 3, heart function may be hyper- 
dynamic. Cardiac failure due to myocardiopathy or high afterload is 
rare but can be a cause of pulmonary edema, which is occasionally 
seen in preeclampsia.* 

There is great variability in reported peripheral vascular resist- 
ance seen in preeclampsia ranging from low or normal to elevated.** °° 
It is possible that this observed variability is due to the cross-sectional 
nature of these studies. In the early stages of the disease low resistance 
may be dominant but as the disease progresses, resistance may in- 
crease. Therefore, a cross-sectional study of patients may find some 
at an early (low or normal resistance) and some at a late (high resis- 
tance) stage in the disease process. Pulmonary vascular resistance is 
usually normal or low in patients with preeclampsia.” 59 

Coagulation disorders are common in preeclampsia. Abnormali- 
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Figure 2. Central venous pressure is decreased in proportion to hypertension. The 
first points in each group correspond to initial measurements and the last points cor- 
respond to determinations made after fluid resuscitation and initiation of epidural block. 
In the last two groups, the middle points refer to the determinations made after fluid 
resuscitation but before epidural block. (From Joyce TH, Debnath KS, Baker EA: Pree- 
clampsia—relationship of CVP and epidural analgesia. Anesthesiology 51:8297, 1979. 
Modified by Gutsche BB, Cheek TG: Anesthetic considerations in preeclampsia-- 
eclampsia. In Shnider SM, Levinson G (eds): Anesthesia for Obstetrics, ed 2. Baltimore, 
Williams & Wilkins, 1987, p 236; with permission.) 


ties include decreased platelet count, abnormal platelet function, in- 
creased platelet consumption, and prolonged thrombin time.*® ° 75 
Preeclampsia is the most common cause of disseminated intravascular 
coagulation seen in the obstetric population, but fortunately its oc- 
currence is relatively rare.°° 

Patients with severe preeclampsia may develop progressive leth- 
argy, cortical blindness, convulsions, and coma. The etiology of these 
findings is unclear; however, petechial hemorrhages, multiple small 
cortical infarcts, and subcortical hematomas have been noted in pa- 
tients who have died of the disease. The frequency with which cer- 
ebral edema complicates preeclampsia is not known, although it has 
been cited as an important cause of death in these patients.* °° The 
etiology of eclamptic convulsions is also unclear but may be related 
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to areas of cerebral ischemia that develop as a consequence of 
vasospasm’® or cerebral edema.’” Because of the morbidity and mor- 
tality associated with convulsions, seizure prophylaxis is a major com- 
ponent of the management of the obstetric patient. The changes in 
EEG seen in eclamptic patients are transient and usually resolve with- 
out sequela within 6 months.” 


MANAGEMENT OF THE OBSTETRIC PATIENT 


If signs of preeclampsia develop prior to fetal lung maturity, the 
goal of obstetric management is to control blood pressure, maintain 
organ perfusion and function, provide an optimal fetal environment, 
and maintain the pregnancy as long as possible without compromising 
maternal or fetal well-being. This is usually accomplished with bed 
rest (preferably in the left lateral decubitus position), appropriate hy- 
dration, and antihypertensive therapy, if necessary. If maternal or fetal 
condition begins to deteriorate the primary objectives are to prevent 
seizures, control blood pressure, maintain organ perfusion (especially 
uterine and renal), and to deliver the fetus. 
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Seizure Control 


The first reported use of magnesium to prevent recurrence of sei- 
zures in eclamptic patients was in 1925,*° and has since become the 
mainstay of seizure prophylaxis. Though benzodiazepines and 
chlormethiazole are used in other parts of the world, magnesium sul- 
fate remains the drug most commonly used in the United States. Par- 
enteral magnesium therapy is usually initiated with a bolus of 2 to 4 
g over 15 minutes followed by an infusion of 1 to 3 g per hour. The 
normal plasma concentration of magnesium is 1.5 to 2.0 mEq per L, 
and the therapeutic range for seizure prophylaxis is 4 to 8 mEq per 
L. Higher plasma concentrations result in predictable effects and in- 
clude first-degree heart block and widened QRS complexes (5 to 10 
mEq per L), loss of deep tendon reflexes (10 mEq per L), respiratory 
insufficiency (15 mEq per L), and cardiac arrest (25 mEq per L). Mag- 
nesium intoxication can be treated with parenteral calcium adminis- 
tration. 

Magnesium has a number of properties including smooth muscle 
relaxation and neuromuscular blocking effects. Neuromuscular block- 
ade is a result of decreased acetylcholine release from the nerve ter- 
minus, decreased depolarization of the end plate from the acetylcho- 
line that is released, and direct depression of muscle contractility.” 
Considerable controversy exists regarding the anticonvulsant and the 
central-nervous-system depressant effects of magnesium sulfate. 
Some studies indicate that magnesium has no effect on experimentally 
induced seizure foci or on the EEG pattern of patients with pree- 
clampsia or eclampsia.” Despite the paucity of evidence for central 
anticonvulsant properties, widely held clinical experience supports 
its use in prophylaxis against eclamptic convulsions. Magnesium is 
known to increase the production of prostacyclin,” and because low 
prostacyclin levels may contribute to the pathophysiology of pree- 
clampsia, magnesium may have a beneficial effect by this mechanism. 

Side effects of magnesium therapy include flushing, nausea and 
vomiting, prolongation of bleeding time, decreased fetal heart rate 
variability, and tocolysis.2*49 Some reports indicate that magnesium 
therapy may decrease the effect of endogenous vasopressors such as 
angiotensin II and norepinephrine,“ and may produce hypotension 
either alone® or in combination with antihypertensive medications”®; 
however, it has not proved to be effective in treating hypertension in 
most preeclamptic patients. 


Blood Pressure Control 


Though preeclamptic patients are frequently edematous, they 
often have significant intravascular volume depletion. Careful rehy- 
dration is required to reverse oliguria and may by itself result in a 
limited lowering of arterial pressure.” Diuretics have been used in 
an attempt to maintain renal output but should only be used in the 
unusual circumstance of congestive heart failure or impending renal 
failure in a patient with adequate intravascular volume. Pharmaco- 
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logic control of blood pressure is usually initiated if it remains at 170/ 
1 ae or higher. The primary objective is to avoid intracranial hemor- 
rhage. 

Antihypertensive agents most commonly used in the management 
of PIH include a-methyl dopa and hydralazine. These agents have 
been popular because of their ability to maintain renal and uterine 
blood flow. Sodium nitroprusside, nitroglycerin, and trimethaphan 
are used for short-term, acute situations. Care must be exercised to 
not reduce blood pressure too rapidly or by more than 25% because 
uteroplacental blood flow-may be reduced and the fetus severely com- 
promised. As the hemodynamic variations of PIH become more ap- 
parent, agents are being used to treat specific hemodynamic abnor- 
malities. For example, B-adrenergic antagonists (inderal or atenolol) 
are being used in treating high output/low resistance states, whereas 
the more traditional agents such as a-methyl dopa and hydralazine 
are being used for low output/high resistance states.2° The mixed a- 
and B-adrenergic antagonist labetalol has been used with some suc- 
cess in the acute management of hypertension in these patients.” A 
number of other agents are being evaluated for the management of 
PIH and include serotonergic antagonists (ketanserin), calcium chan- 
nel antagonists (nifedipine), and angiotensin-converting enzyme in- 
hibitors (captopril), either alone or in combination.*® 55 77 


MONITORING AND FLUID RESUSCITATION 


As our understanding of the pathophysiology of PIH increases, 
the need for more accurate hemodynamic data on which to base man- 
agement decisions has become apparent. Given the expertise that 
anesthesiologists have with invasive monitoring and acute hemody- 
namic control, it is not surprising that obstetricians are more fre- 
quently requesting the services of anesthesiologists to assist with the 
care of patients with severe preeclampsia. 


Invasive Arterial Pressure Monitoring 


Blood pressure determinations are an integral component in the 
classification of preeclampsia. The classifications of preeclampsia are 
based on auscultative blood pressure cuff determinations; however, 
it is not uncommon to find automated (oscillometric) blood pressure 
devices being used in the obstetric suite. Many health care providers 
are unaware of the potential errors in determining blood pressure 
(especially diastolic) using oscillometric devices, therefore it is rec- 
ommended that manual (auscultative) determinations be made pe- 
riodically and these be used for therapeutic decisions and as the stan- 
dard against which other methods can be compared. 

Arterial cannulation in the patient with PIH may be helpful in a 
number of circumstances, including the need for repeated arterial 
blood gas determinations (for example, pulmonary edema) or other 
laboratory studies, difficulty in obtaining accurate cuff pressures (for 
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example, obesity), beat-to-beat determinations of blood pressure (for 
example, use of nitroprusside), and induction of anesthesia in which 
rapid blood pressure changes may occur. Direct determination of ar- 
terial pressure, although the most accurate method of determining 
blood pressure, can yield inaccurate results. 

Artifactual increases in recorded systolic, and to a lesser extent 
decreases in diastolic pressures, occur if there is “ringing” in the cath- 
eter/transducer system. The propensity for a system to “ring” is related 
to its physical properties (resonance frequency) and the hemodynamic 
signal, and is exacerbated if small air bubbles exist in the system or 
if the heart is hyperdynamic or tachycardic.”* Error can also be intro- 
duced if the transducer is not properly calibrated and zeroed at the 
level of the heart. 


Invasive Venous Pressure Monitoring and Fluid Resuscitation 


Patients with mild symptoms of preeclampsia will rarely have 
significant intravascular volume deficits and consequently can usually 
be managed by giving fluids at maintenance rates. Epidural anesthetic 
techniques can be safely used in these patients with conservative in- 
travascular volume expansion and slow initiation of the block. Inva- 
sive monitoring is rarely indicated in patients with mild preeclampsia. 
Patients who have developed severe disease with signs of intravas- 
cular volume depletion, as indicated by elevated hematocrit, high dia- 
stolic blood pressure (see Fig. 2), and low urine output, can present a 
significant challenge. Obstetric fluid management usually involves 
giving intravascular fluids at maintenance rates with small fluid bol- 
uses (250 to 500 mL of balanced electrolyte solution) to treat decreases 
in urine output. If urine output does not increase appropriately then 
a direct measure of central filling pressure is indicated for rational 
fluid management and anesthetic induction. 

The decision of whether to place a central venous or pulmonary 
artery (PA) catheter can be a difficult one. If the patient demonstrates 
signs of pulmonary edema or severe oliguria (urine output < 20 mL 
per hour) unresponsive to small fluid challenges, a PA catheter may 
prove helpful, allowing determination of cardiac output and left-sided 
filling pressures. The correlation between CVP and pulmonary artery 
wedge pressure (PAWP) is known to be very poor in many preeclamp- 
tic patients.?* If fluid resuscitation is continued using only the CVP 
as a guide, there is a significant risk of the patient developing pul- 
monary edema because, as illustrated in Figure 4, changes in CVP 
may not reflect changes in PAWP.? For this reason, if oliguria persists 
despite an adequate CVP (CVP > 6 mm Hg) consideration should be 
given to placing a PA catheter. 

Considerable controversy exists regarding optimal management 
of the oliguric patient once a PA catheter has been placed. Kirshon et 
al” believe that colloid osmotic pressure (COP) should be the primary 
guide to fluid resuscitation. They advocate giving 25% albumin until 
the COP is greater than 17 mm Hg. Once this is achieved then PAWP 
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Figure 4. The relationship between CVP and PAWP in nine patients is shown. In 
six patients there were parallel changes in CVP and PAWP; however, in three patients 
there were not. (From Benedetti TJ, Cotton DB, Read JC, et al: Hemodynamic obser- 
vations in severe pre-eclampsia with a flow-directed pulmonary artery catheter. Am J 
Obstet Gynecol 136:465, 1980; with permission.) 


is optimized (PAWP = 10 to 15 mm Hg) and blood pressure controlled, 
using additional colloid solution (5% albumin), diuretics, and a va- 
sodilator (hydralazine) as necessary. 

Clark et al’ recommend using lactated Ringer’s solution as the 
resuscitation fluid combined with preload and afterload reduction 
with nitroglycerin or hydralazine. In their report, if PAWP was low 
(1 to 7 mm Hg) and systemic vascular resistance (SVR) mildly elevated, 
then only fluids were given. If PAWP was normal to elevated (9 to 18 
mm Hg) and SVR normal, then fluids were given in addition to va- 
sodilator therapy. If PAWP and SVR were elevated, then fluid restric- 
tion and afterload reduction were initiated. 

With delivery of the fetus and placenta, the signs and symptoms 
of preeclampsia may begin to abate; however, during the next 24 to 
48 hours, CVP and PAWP may rise and COP reach its nadir.* 94 34 
The first 24 to 48 hours following delivery is the time when pulmonary 
edema is most likely to occur. For this reason it is important to con- 
tinue to monitor central filling pressures during the postpartum stage 
of the disease. 

Conventional anesthetic teaching has stressed the importance of 
vigorous fluid resuscitation (with arbitrary CVP or PAWP endpoints) 
prior to initiating a neuraxial anesthetic. This approach can, how- 
ever, increase the risk of developing pulmonary edema, especially in 
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the postpartum period when the anesthetic block resolves and sym- 
pathetic tone returns. Most patients with severe preeclampsia have 
very low central filling pressures (CVP readings of —2 to —3 mm Hg 
are not uncommon). Our approach in managing these patients is to 
administer fluids to increase filling pressure by a small amount (2 to 
3 mm Hg). If significant volumes of crystalloid solution (> 1000 mL) 
are required to accomplish this, then the addition of colloid solutions 
may be desirable. If and when lumbar epidural anesthesia or analgesia 
is initiated, additional fluid is given, as required, in order to maintain 
filling pressures at preinduction levels. Using this approach we have 
found it possible to administer regional anesthesia safely without hy- 
potension while giving the patient a minimal amount of fluid. Phar- 
macologic intervention is directed at controlling the particular he- 
modynamic abnormality as indicated by cardiac output, SVR, and 
PAWP determinations. 

The risks associated with the placement of a CVP or PA catheter 
must be considered when deciding the need for invasive monitoring. 
These risks include arterial puncture with hematoma formation and 
possible airway compromise, neurologic injury, pneumothorax, hem- 
othorax, and arrhythmias. A PA catheter carries additional risks of pul- 
monary infarction or pulmonary artery rupture. In skilled hands these 
complications are rare but are potentially devastating. Cannulation of 
the internal jugular vein can be difficult in the preeclamptic patient 
because of generalized edema obscuring landmarks and low intra- 
vascular volume reducing the size of the internal jugular vein. 

Because of the potential problems with internal jugular cannu- 
lation, the CVP catheter is introduced through an antecubital vein if 
the probability of needing to place a PA catheter seems low. The right 
basilic vein usually allows easy passage of the catheter into a superior 
vena cava. Occasionally passing the catheter beyond the shoulder is 
difficult but can be facilitated by abducting the arm and having the 
patient rotate her neck toward the arm being used. If a PA catheter 
is necessary or will likely become necessary, then the internal jugular 
vein is usually used for access. 

As with direct arterial pressure monitoring, errors can be intro- 
duced by catheter/transducer resonance and improper calibration and 
zeroing of the transducer. Because a 1 to 2 mm Hg error in CVP or 
PAWP measurements can have significant therapeutic implications, 
extreme care must be used in the interpretation of the information 
obtained. 

Noninvasive measurements of cardiac output using impedance 
measurements and Doppler imaging are now possible; however, these 
techniques are of limited use in the anesthetic management of patients 
with preeclampsia. In pregnant patients, correlation of cardiac output 
determination using the impedance and thermodilution techniques is 
poor,’® and the Doppler technique though accurate,”! does not give 
PAWP measurements that are needed for optimal fluid and pharma- 
cologic management. 
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ANALGESIA FOR LABOR AND VAGINAL DELIVERY 


Historically, many patients with preeclampsia were not offered 
epidural analgesia for relief of labor and delivery pain because of 
concerns about intravascular volume and coagulation status. Currently, 
more preeclamptic patients are being offered and are benefiting from 
the advantages of epidural analgesia. If a patient does not wish to have 
regional analgesia or if there is a contraindication to epidural analgesia 
then nitrous oxide or morphine can provide analgesia during labor 
and a pudendal block can provide anesthesia for delivery. 

There are many benefits of continuous epidural analgesia, es- 
pecially for women with preeclampsia. These benefits include anal- 
gesia for both the first and second stages of labor, the ability to produce 
perineal anesthesia and relaxation if a forceps delivery or vacuum 
extraction becomes necessary, and the ability to readily induce sur- 
gical anesthesia if a cesarean section should become necessary. 

A particular benefit of lumbar epidural analgesia is the increase 
in placental blood flow seen after its initiation. Intervillous blood flow 
is reduced in patients with preeclampsia.®’ This may, in part, be due 
to increased reactivity of uterine vessels. Studies have shown that in 
normal pregnancies** and in pregnancies complicated by preeclamp- 
sia,°° lumbar epidural analgesia results in increased placental inter- 
villous blood flow provided that blood pressure is maintained. This 
effect may be due to a reduction of endogenous catecholamine levels 
seen in patients receiving epidural analgesia. 

Retrospective studies have failed to find deleterious effects of 
epidural analgesia in preeclamptic patients.°* The risks of epidural 
analgesia are well known to most anesthesiologists and include hy- 
potension, headache, nerve trauma, infection, catheter breakage, and 
epidural hematoma. Unlike other risks, the risk of epidural hematoma 
may be increased in preeclamptic patients due to the coagulopathy 
that these patients may develop. 

The incidence of paraplegia after epidural analgesia in the general 
surgical population is less than 1 in 10,000 patients.‘+ The effect that 
coagulation defects in preeclamptic patients have on the risks asso- 
ciated with epidural analgesia are not known. In one retrospective 
study, incidental thrombocytopenia (platelet count < 150,000 per 
mL) was seen in 15% of normal parturients. Sixty-one (58%) of these 
thrombocytopenic patients (platelet counts 50,000 to 150,000 per mL) 
received epidural analgesia and no adverse neurologic sequelae were 
detected. A study of 1000 consecutive vascular surgical patients’ re- 
ceiving oral anticoagulation prior to epidural catheter placement, 
failed to detect adverse neurologic sequelae attributable to epidural 
catheter placement.” We are unaware of any patient with preeclamp- 
sia and associated coagulation disorder who suffered neurologic injury 
after epidural catheter placement. Therefore, we do not feel that co- 
agulation disorders are an absolute contraindication to regional an- 
algesia in these patients. 

Because of the very low incidence of epidural hematoma the 
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power of the previously mentioned studies to detect deleterious ef- 
fects of epidural catheter placement is low. At the University of Wash- 
ington, our practice is to obtain a bleeding time if the platelet count 
is less than 100,000 per mL or if coagulation studies are abnormal. This 
information is then used in making an assessment of the relative risks 
of lumbar epidural catheter placement compared with the benefits to 
be gained in that particular patient. 


Lumbar Epidural Analgesia 


Prior to placement of an epidural catheter, an appropriate history 
and physical examination are performed, the obstetric management 
plan is reviewed with the obstetricians, and the patient is informed of 
the risks and benefits of this form of analgesia. At least one 16-gauge 
or larger peripheral intravenous cannula is placed and blood is drawn 
for hematocrit, platelet count, creatinine, fibrinogen, and fibrin deg- 
radation products as well as type and screen. Oxygen is administered 
by face mask, an ECG monitor is attached, and an oscillometric blood 
pressure cuff or arterial line is placed. If necessary, a CVP or PA cath- 
eter is inserted and fluids are administered as outlined previously. 
Briefly, if central filling pressure is low, then crystalloid solution or 
5% albumin is given to raise CVP or PCWP by 2 to 3 mm Hg. Re- 
suscitation equipment (including suction) and drugs are checked and 
the epidural catheter is placed, usually in the L2 to L3 or L3 to L4 
interspace. Coagulopathy may develop rapidly in these patients as the 
disease progresses, and for this reason we often place an epidural 
catheter prior to the actual need for analgesia. 

Considerable controversy exists regarding the appropriate test 
dose solution to rule out intravascular or subarachnoid catheter place- 
ment. If blood or cerebral spinal fluid cannot be aspirated from the 
catheter, then 3 mL of 0.25% bupivacaine with epinephrine 1:200,000 
(15 ug epinephrine) is injected immediately following a uterine con- 
traction while the ECG and blood pressure are monitored for any 
changes. A significant increase in heart rate or a subjective feeling of 
apprehension or palpitation by the patient is considered positive for 
intravascular catheter placement; the catheter is withdrawn a short 
distance or replaced, and the aspiration and test dose are repeated. 
Some argue that epinephrine should not be used in the test dose be- 
cause of the possible deleterious effects this may have on uterine 
perfusion. Alternate test solutions that have been proposed include 
subconvulsant doses of lidocaine or chloroprocaine, which when in- 
jected into normal male volunteers, produce tinnitus, a sensation of 
warmth, dizziness, or mental detachment.”* These alternate test so- 
lutions have not been evaluated in laboring women (with or without 
preeclampsia) many of whom are anxious or have altered mental status 
and may not be able to reliably report subjective changes. 

If no sign of subarachnoid block is seen 5 minutes after the test 
dose administration, then analgesia is initiated with 3 mL of 0.25% 
bupivacaine (without epinephrine) followed by an infusion of 0.125% 
bupivacaine or 0.0625% bupivacaine with fentanyl 2 pg per mL at 10 
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mL per hour. These solutions are equally effective at providing an- 
algesia for labor,” and the infusion rate is adjusted as needed to main- 
- - tain hypalgesia from the tenth thoracic to the second lumbar derma- 

` tome. Blood pressure is determined frequently during the first 30 min- 
~ utes and every 15 minutes thereafter. Small doses of ephedrine (2.5 
` to 5.0 mg) may be given to treat hypotension, although this is rarely 
needed if ventricular filling pressure is maintained. If additional 
analgesia is required, a “top-up dose” of 3 to 5 mL 0.25% bupivacaine 
is given, the rate of infusion is increased, and blood pressure is 
checked frequently for the next 30 minutes. If additional perineal 
analgesia or relaxation is desired for delivery, then 5 to 10 mL of chlo- 
roprocaine (2 to 3%) or lidocaine (1 to 2%) is given in divided doses. 


ANESTHESIA FOR CESAREAN SECTION 


Regional Anesthesia 


The advantages of lumbar epidural anesthesia include the ability 
to slowly induce the anesthetic, maintenance of maternal conscious- 
ness and airway reflex mechanisms, and minimal exposure of the fetus 
to anesthetic agents. After placement of an epidural catheter as de- 
scribed previously, a nonparticulate antacid is administered. The 
block is initiated with 2% lidocaine without epinephrine in 3 to 5-mL 
increments with at least 5-minute intervals between injections. The 
use of 2% lidocaine with epinephrine is advocated by some?; how- 
ever, we believe that by avoiding these large doses of epinephrine, 
patients are less likely to shiver. Arterial, central venous, or PA pres- 
sures are observed and decreases in ventricular filling pressure are 
treated with judicious administration of intravenous fluid. If CVP or 
PCWP is maintained at 2 to 3 mm Hg above pre-anesthetic values, 
then hypotension is rarely observed. Treatment of hypotension (de- 
crease in MAP > 15 to 20% of pre-anesthetic levels) is essential in 
preventing further compromise of an already stressed fetus. Small 
doses of ephedrine can be given if necessary. Anesthesia is induced 
more slowly in these patients than in nonhypertensive patients so that 
changes in blood pressure can be minimized. 

The intraoperative management of the preeclamptic patient is 
very similar to that of the nonpreeclamptic patient. One significant 
difference is that fluid management is more difficult and more critical. 
Rapid changes in intravascular volume, such as with acute blood loss 
at the time of delivery, can have sudden and dramatic effects on blood 
pressure. For this reason large-bore intravenous access is a prereq- 
uisite. Because of increased vascular permeability and decreased 
plasma oncotic pressure, these patients are at risk for developing pul- 
monary edema in the postpartum period. After delivery of the fetus, 
4 to 5 mg of preservative-free morphine is injected into the epidural 
space for postoperative pain control. Because of the rapid onset of 
sympathectomy and propensity for severe hypotension, subarachnoid 
anesthesia in preeclamptic patients is not recommended. 
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General Anesthesia 


Patients having general anesthesia for cesarean section require 
the same considerations regarding fluid resuscitation and monitoring 
outlined previously. The hypertensive response to trachael intubation: : 
is exaggerated in hypertensive patients, including those with PIH. 
Because of the risks of cerebral hemorrhage, it is important to antic- 
ipate the hypertensive response to intubation and take steps to avoid 
its occurrence. Nitroprusside or nitroglycerin are often required and 
can be safely titrated, provided beat-to-beat blood pressure measure- 
ment is available. 

After placement of appropriate monitors and administration of a 
nonparticulate antacid, an additional airway assessment is made. The 
edema of preeclampsia can be quite severe and pharyngeal edema 
can be rapid in onset, making tracheal intubation difficult.3* If diffi- 
culty in tracheal intubation is anticipated, then topical oral anesthesia 
should be applied and direct laryngoscopy performed. Based on the 
findings of laryngoscopy, awake intubation may be necessary. Nasal 
intubations are not recommended in these patients because of the risk 
of severe epistaxis. 

If no airway difficulty is expected, then the patient is preoxygen- 
ated for 5 minutes. As with all obstetric patients, these patients must 
be considered to have a full stomach and therefore require rapid se- 
quence induction of anesthesia. Defasciculating doses of nondepo- 
larizing neuromuscular blockers are not administered. In the presence 
of magnesium they may produce profound relaxation, and magnesium, 
which is invariably given to these patients, prevents succinylcholine- 
induced fasciculations.!° After the patient is prepped and draped and 
the obstetricians are prepared to make the skin incision, a rapid ‘se- 
quence induction with cricoid pressure is accomplished using thio- 
pental or etomidate and succinylcholine. Ketamine should not be used 
to induce anesthesia because of the hypertension that may result. Tra- 
cheal intubation is confirmed by physical examination and presence 
of end-tidal COs. If tracheal intubation is unsuccessful, then man- 
agement of the airway is conducted as depicted in Figure 5. As with 
all obstetric patients, arterial oxygen desaturation may occur very 
quickly owing to increased oxygen consumption and reduced func- 
tional residual capacity. 

Trimethaphan,” nitroglycerin,” labetalol,” or sodium nitro- 
prusside’’ has been used to control the hypertensive response to tra- 
cheal intubation in these patients. Each agent has advantages and 
disadvantages (Table 2). The choice of which agent(s) to use depends 
on the clinical status of the patient and the familiarity of the anesthe- 
siologist with the use of each of these drugs. 

Prior to delivery of the fetus, patients are maintained on a 50:50 
mix of oxygen and nitrous oxide with up to 0.5 MAC of volatile an- 
esthetic. After delivery, the anesthetic is converted to a nitrous oxide/ 
oxygen/narcotic/relaxant technique. Use of a peripheral nerve stim- 
ulator to access muscle relaxation is essential. Magnesium, which is 
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UNABLE TO INTUBATE 


Maintain cricoid pressure 
Ventilate with 100% O, 
Prepare for cricothyreotomy 












Serious fetal distress requiring Minima! or no fetal distress 
immediate delivery 
Ventilation easy Ventilation difficult 
(positive pressure or spontaneous) or impossible 


| Cricothyreotomy Wake patient 
Halothane/O2 


Deliver baby er 
Ventilation Ventilation 
| easy difficult 


Wake patient 





Attempt blind nasal 


intubation Administer 


anesthesia 


| Failure | Deliver baby 


Continue case with 
mask ventilation 

Spontaneous or IPPV 
02/Halothane 
N20/02/Halothane 
Ketamine/02 

Maintain cricoid pressure 


Figure 5. Scheme for management of difficult intubation in the pregnant patient. 
(From Shnider S, Levinson G: Anesthesia for cesarean section. In Shnider SM, Levinson 
G (eds): Anesthesia for Obstetrics, ed 2. Baltimore, Williams & Wilkins; with permis- 
sion.) 


Table 2. Properties Commonly Used of Hypotensive Agents 


DRUG & DOSE ADVANTAGES DISADVANTAGES 
Labetalo] 20 mg + 10 mg Maintenance of uterine Nonselective a- and B- 
every 2 minutes up to 1 blood flow”? adrenergic blockage. 
mg/kg® Risk of bronchospasm 
and cardiac failure** 
Nitroglycerin 0.5-10 p/kg/ No reflex tachycardia or Increased ICP 
minute fetal distress? 
Nitroprusside 0.2-5 p/kg/ Very rapid onset, Increased ICP and 
minute greatest efficacy possible fetal cyanide 
toxicity*® 
Trimethaphan 5—50 y/kg/ Less increase in ICP Prolonged 
minute than nitroprusside” or neuromuscular effects 
nitroglycerin? of succinylcholine®! 





Abbreviation: ICP, intracranial pressure. 
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usually given to these patients, potentiates the effect of both depo- 
larizing and nondepolarizing neuromuscular blockers; therefore, 
small supplemental doses of relaxants are sufficient. Upon completion 
of surgery, the effects of neuromuscular blockade are reversed and 
the patient is extubated after she can obey commands and satisfactory 
muscle strength has returned. Postoperative pain can be treated using 
intravenous patient-controlled opioids.?’ 


SUMMARY 


Preeclampsia is a disease of unknown etiology and a major con- 
tributor to maternal and neonatal morbidity and mortality. In severe 
preeclampsia, intravascular volume depletion and susceptibility of de- 
veloping pulmonary edema complicate the anesthetic management. 
Invasive monitors are often required for optimal patient management, 
with central venous or pulmonary artery pressure measurements 
being particularly useful for guiding volume resuscitation. In our prac- 
tice, lumbar epidural blockade is the preferred method for providing 
analgesia and anesthesia; however, the block must be induced slowly 
in order to minimize sudden hemodynamic changes and to permit 
optimal fluid management. 
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Anesthesia for Complicated Vaginal 
Deliveries 


Kenneth L. Pollack, MD,* 
and David H. Chestnut, MDT 


Although most vaginal deliveries are uncomplicated, approxi- 
mately 5% are complicated by abnormal presentation, multiple ges- 
tation, shoulder dystocia, or retained placenta. An understanding of 
these complicated obstetric problems allows the anesthesiologist to 
provide optimal care in these challenging circumstances. 


ABNORMAL PRESENTATION 


The breech presentation is the most common abnormal presen- 
tation, with an incidence of 1.9 to 4.2% of all deliveries.®83846 The 
breech may present in one of three ways: the frank breech in which 
both hips are flexed and both knees extended; the complete breech 
in which both hips are flexed and both knees flexed; and the incom- 
plete breech in which one or both hips are extended. Approximately 
two-thirds of breech presentations are frank breech, whereas the re- 
maining third are evenly divided between complete and incomplete 
breech. The fetus in a frank breech presentation tends to remain in 
that presentation. The fetus in a complete breech presentation may 
change to incomplete breech at any time before or during labor. 

Prior to 35 weeks’ gestation the fetus frequently changes presen- 
tation. Beyond 35 weeks’ gestation the presentation tends not to 
change spontaneously as a result of increased fetal size relative to 
amniotic fluid volume. 

Prematurity is the most common problem associated with the 
breech presentation. At 30 weeks’ gestation 13% of infants are in the 
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breech presentation.” Other factors that predispose to the breech pre- 
sentation are uterine abnormalities, low placental implantation, mul- 
tiple gestation, and congenital anomalies (particularly hydrocephalus 
and anencephaly).® 

The incidences of placental abruption and fetal distress are mark- 
edly higher with breech as compared with vertex presentation.® Also, 
there is a high incidence of umbilical cord prolapse. In a series of 
over 86,000 deliveries, Rovinsky et al*® found an incidence of umbil- 
ical cord prolapse of 0.5% for vertex, 1.7% for frank breech, and 10.9% 
for complete breech presentation. 


Obstetric Management 


The mode of delivery of the breech infant remains controversial. 
Obstetricians long have recognized that breech infants suffer greater 
perinatal morbidity and mortality than vertex infants. In a retrospec- 
tive study of 538 consecutive breech deliveries, the group of breech 
infants delivered by cesarean section was identified as having less 
morbidity and mortality than those delivered vaginally.*° Thus it was 
recommended that there be more liberal use of cesarean section in 
the delivery of breech infants. Early studies of neonatal outcome 
often failed to properly correct for the method of vaginal delivery 
employed (that is, total breech extraction, assisted or spontaneous de- 
livery) and other factors associated with increased perinatal morbidity 
and mortality.*° For example, the method of delivery of the aftercom- 
ing fetal head may affect neonatal outcome. One study noted that the 
use of Piper forceps at vaginal delivery was associated with reduced 
perinatal mortality of breech infants weighing between 1000 and 3000 


At least three recent prospective, randomized studies have as- 
sessed the relative safety of vaginal delivery versus cesarean section 
of the breech infant.1!!*75 These studies found a slight increase in 
minor birth trauma (mostly brachial plexus injuries) but no difference 
in Apgar scores or mortality between the vaginal delivery and cesarean 
section groups. It is noteworthy that these studies documented sur- 
prisingly high maternal morbidity following cesarean section. In the 
cesarean section groups, 36 to 49% of women suffered significant mor- 
bidity (for example, hemorrhage, infection, deep venous thrombosis). 
In the vaginal delivery groups maternal morbidity was less than 
10%.114 In a recent review of selected studies of breech deliveries, 
Myers and Gleicher*® concluded that when all factors for excess neo- 
natal morbidity and mortality are considered, there is no reduction in 
neonatal morbidity with routine cesarean section. These data, which 
suggest the relative safety of selected vaginal breech delivery, may 
result in a future increase in vaginal breech deliveries. 

Before the obstetrician opts for vaginal delivery of an infant in 
the breech presentation, an attempt may be made to perform an ex- 
ternal cephalic version. In this procedure an intravenous catheter is 
placed and a beta-sympathomimetic drug (for example, ritodrine or 
terbutaline) is administered to relax the uterus. The obstetrician then 
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attempts to turn the fetus to a vertex presentation. The success rate 
for this procedure is 60 to 73%.*1*" Although this is a relatively safe 
procedure, there is the potential for fetal distress secondary to an um- 
bilical cord accident. If fetal distress occurs, the obstetrician may elect 
to perform an emergency cesarean section. The anesthesiologist must 
then anesthetize a patient with tachycardia and vasodilation secondary 
to a beta-sympathomimetic drug. 

Should the obstetrician allow the patient with a frank breech pre- 
sentation to labor, cervical dilation should be adequate to allow 
atraumatic delivery of the fetal head. (The dilating wedge formed by 
the buttocks and thighs has roughly the same diameter as the head, 
and results in effective dilation of the cervix.) However, in the non- 
frank breech presentation, the lower extremities and trunk may be 
delivered before there is sufficient cervical dilation to allow passage 
of the fetal head. The infant at greatest risk for head entrapment is 
the preterm infant in the non-frank breech presentation. The ratio of 
head circumference to abdominal circumference is greater than one 
prior to 32 weeks’ gestation, but by 34 weeks’ gestation this ratio re- 
verses. 

Total breech extraction is associated with increased neonatal mor- 
bidity and mortality.*° But if spontaneous delivery to the level of the 
umbilicus is allowed, the incidence of cervical head entrapment will 
be minimized.” Therefore, assisted breech delivery is preferred over 
total breech extraction. Specifically, the obstetrician seeks to maintain 
flexion of the fetal head. Some obstetricians ask an assistant to apply 
transabdominal pressure on the fetal head to maintain flexion of the 
cervical spine during descent. Also, the Mauriceau-Smellie-Veit ma- 
neuver or the application of Piper forceps will help maintain fetal head 
flexion and thus decrease the likelihood of fetal head and neck trauma 
at delivery.7°7 

During vaginal breech delivery, the head may become entrapped 
by either the cervix or the perineum. When cervical head entrapment 
occurs the obstetrician may request general anesthesia with a potent 
halogenated agent to effect cervical relaxation. Under dire circum- 
stances, the obstetrician may perform cervical incisions (Dithrssen’s 
incisions). Rarely, the infant cannot be delivered and is returned to 
the uterine cavity, and emergency cesarean section is performed. 

Typically, the obstetrician will perform a generous episiotomy as 
prophylaxis against perineal obstruction. If entrapment results from 
perineal obstruction, skeletal muscle relaxation may facilitate deliv- 
ery. 


Anesthetic Management of Vaginal Breech Deliveries 


In many centers epidural analgesia is the analgesic technique of 
choice for labor and vaginal delivery of the breech infant. Epidural 
anesthesia may prolong the second stage of labor during breech de- 
livery, ”'*7 but it does not increase the likelihood of operative inter- 
vention. Brenner et al® found no difference in neonatal acid-base sta- 
tus and Apgar scores between those mothers who received local 
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infiltration or pudendal block and those who received either lumbar 
epidural or caudal anesthesia. Crawford!” reported an improvement 
in “Apgar-minus-colour” score in those infants whose mothers re- 
ceived lumbar epidural anesthesia versus those whose mothers re- 
ceived local infiltration. Others have shown no difference in neonatal 
outcome between epidural and local infiltration anesthesia. ”14 These 
retrospective studies support the safety of lumbar epidural anesthesia 
during labor and delivery of the breech infant. 

For the frank breech presentation, the considerations for epidural 
anesthesia are much the same as those for the vertex presentation. For 
the non-frank breech presentation, especially with a preterm fetus, a 
primary goal is to prevent premature maternal pushing. If the mother 
begins pushing before complete cervical dilation, the fetal legs and 
trunk may pass through a partially dilated cervix, and the head may 
become entrapped. To minimize the premature urge to push, the anes- 
thesiologist should ensure sacral analgesia during the first stage of 
labor. Of course, while successful sacral block may prevent premature 
pushing, it may be accompanied by a significant motor block of the 
rectus abdominal muscles. This may be troublesome, since the ob- 
stetrician typically desires a spontaneous delivery to the level of the 
umbilicus. 

On occasion it may be difficult to achieve satisfactory sacral block 
with a single lumbar epidural catheter. An alternative is the double 
catheter technique. With this method one catheter is placed in a high 
lumbar interspace and a second catheter is placed through the caudal 
canal. A small volume of dilute local anesthetic (for example, 6 mL of 
0.125% bupivacaine) is injected through the lumbar catheter for relief 
of first stage pain. As soon as the mother has the urge to push, a slightly 
larger volume of a more concentrated local anesthetic solution (for 
example, 10 mL of 1.5% lidocaine or 2% 2-chloroprocaine) is injected 
via the caudal catheter. This will prevent the premature urge to push 
and provide superb analgesia and perineal relaxation for the second 
stage of labor and episiotomy. The maintenance of rectus muscle tone 
should allow effective maternal pushing during the second stage of 
labor. Low spinal anesthesia (saddleblock) or a pudendal block are 
reasonable alternatives for providing delivery anesthesia with or with- 
out the presence of a previously inserted epidural catheter. Low spinal 
anesthesia may be achieved with 3 to 4 mg of tetracaine, 15 to 30 mg 
of lidocaine, or 4 to 6 mg of bupivacaine. 

- Iffetal head entrapment occurs, the obstetrician may request gen- 
eral anesthesia for cervical and perineal relaxation. For this reason, 
an anesthesiologist who is prepared to give general anesthesia should. 
be present for every patient undergoing a vaginal breech delivery. 
When the patient enters the delivery room, she should be given a non- 
particulate antacid (for example, 30 mL of 0.3 mol per L sodium citrate). 
All routine monitors should be placed. The mother should inspire 
supplemental oxygen during the second stage of labor. This may ob- 
viate the need for additional preoxygenation before the induction of 
. general anesthesia. Alternatively, preoxygenation can be accom- 
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plished with four vital-capacity breaths of 100% oxygen.*! Induction 
of general anesthesia can be accomplished with either 4 mg per kg 
sodium thiopental or 1 mg per kg ketamine, followed by 1.0 to 1.5 mg 
per kg succinylcholine. Cricoid pressure should be maintained until 
the trachea is intubated with a cuffed endotracheal tube and proper 
placement of the endotracheal tube is confirmed. (When head en- 
trapment results from perineal obstruction, delivery may soon follow 
the administration of succinylcholine.) After intubation a high con- 
centration (for example, = 2 MAC) of a potent halogenated agent 
should be administered. This will result in uterine and cervical relax- 
ation in approximately 3 minutes. (Isoflurane, enflurane, and halo- 
thane are equipotent uterine relaxants when administered in equal 
anesthetic doses.°? But smooth muscle constitutes only 10 to 15% of 
total cervical tissue in most women.!® Therefore, one can achieve pro- 
found uterine relaxation but limited cervical relaxation with these 
smooth muscle relaxants.) After delivery, it is important that uterine 
tone be restored rapidly to minimize blood loss. One should discon- 
tinue the potent halogenated agent immediately after delivery and 
begin an oxytocin infusion intravenously. (Oxytocin should not be 
given as a bolus, as it may cause hypotension.*°) Finally, the patient 
should not be awakened until the placenta is delivered, the episiotomy 
is repaired, and hemostasis is secured. 

Some practitioners recommend the use of direct smooth muscle 
relaxants (for example, amyl nitrite, magnesium sulfate, nitroglycer- 
ine) rather than general anesthesia to relieve cervical head entrap- 
ment. At this time there are no controlled studies supporting the ef- 
ficacy of these drugs during delivery. In addition, amy] nitrite in 
oxygen is an explosive mixture. 

Preparations should be made for the aggressive resuscitation of 
the breech infant following delivery. Breech infants tend to be more 
depressed than vertex infants.® Ideally, a separate resuscitation team 
headed by either a pediatrician or an anesthesiologist should be im- 
mediately available. The American Society of Anesthesiologists re- 
cently stated: “Qualified personnel, other than the anesthesiologist 
attending the mother, should be immediately available to assume re- 
sponsibility for the resuscitation of the depressed newborn.’”? Rarely, 
it may be necessary for the obstetrician or the anesthesiologist at- 
tending the mother to momentarily assist in the initial care of the 
neonate. 

If cesarean section is necessary, either regional or general anes- 
thesia is acceptable. In situations of fetal distress, one may be able to 
extend previously established epidural analgesia for cesarean section. 
Some centers use spinal anesthesia successfully in situations of fetal 
distress. However, in most cases of dire distress, rapid sequence in- 
duction of general anesthesia is considered most appropriate. In the 
case of cesarean section of the preterm infant, uterine relaxation may 
be necessary to allow an atraumatic delivery via a vertical uterine. 
incision. Similarly, uterine relaxation may be necessary in cases of ~~ 
certain fetal malformations (for example, hydrocephalus, sacral; tëri 
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toma). Since regional anesthesia does not relax the uterus, one may 
favor general anesthesia in these settings. 


MULTIPLE GESTATION 


Multiple gestation complicates approximately 1.2% of all preg- 
nancies. Most cases of multiple gestation are twin gestations.*? Most 
pregnancies of gestation greater than two result from ovulation in- 
duction or in vitro fertilization. Of all twin gestations, approximately 
a third are monozygotic, and two-thirds are dizygotic. Of monozygotic 
twins, 1 in 25 are monoamnionotic. Monozygotic twins are at a greater 
risk for morbidity and mortality than dizygotic twins. Much of the 
increased morbidity is the result of vascular anastomoses, which may 
result in polycythemia and congestive heart failure in one fetus and 
hypovolemia in the other. In addition, monoamnionotic twins have 
the potential for tangling of the umbilical cords; this may compromise 
blood flow to one or both fetuses. 

The physiologic changes of pregnancy are exaggerated with mul- 
tiple gestation. Plasma volume increases 67% with twin pregnancies 
versus 48% with a single fetus. Total blood volume increases by 49% 
with twin gestation compared with 42% with single gestation." The 
greater size of the uterus increases the severity of aortocaval compres- 
sion.”°3? Impaired venous return leads to greater lower-extremity and 
sacral edema.’ There is also greater impairment of diaphragmatic ex- 
cursion.° In extreme cases this may lead to progressive respiratory 
failure. 

Multiple gestation pregnancies are associated with a higher rate 
of both antepartum and postpartum complications than are single ges- 
tation pregnancies. The incidence of preeclampsia is increased in twin 
gestation.*” This is most likely a result of the increased placental mass 
and perhaps relative placental hypoperfusion. There is also an in- 
creased likelihood of preterm labor and delivery.” It is hypothesized 
that preterm labor results from overdistension of the uterus. Also, there 
is a higher incidence of uterine atony following delivery.“ Therefore, 
the blood loss with a twin delivery is greater than that which occurs 
with delivery of a single fetus. Finally, neonatal morbidity and mor- 
tality are significantly greater for twins than singletons.’ Much of this 
results from the increased rate of preterm delivery. Also, the second 
twin tends to be more depressed than the first owing to decreased 
uteroplacental pertusion or partial abruption during the delivery pro- 
cess and therefore has a greater need for resuscitation. 

The variety of twin presentations is illustrated in Table 1. Twin 
presentation influences the mode of delivery. Vaginal delivery is pre- 
ferred in most cases of vertex-vertex presentation.® If the pairing is 
vertex-nonvertex and the estimated fetal weight is greater than 1500 g, 
then twin B fares as well with vaginal as with abdominal delivery.** 
Regardless of the presentation of twin B, it may be necessary to per- 
form internal podalic version and total breech extraction. If breech 
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Table 1. Variety of Twin Presentations 


PRESENTATION PERCENT 
Vertex-vertex 4] 
Vertex-breech 25 
Vertex-transverse 10 
Breech-vertex 7 
Breech-breech 6 
Breech-transverse 4 
Other T 


Data compiled from references 9 and 43. 


extraction of twin B is performed soon after delivery of twin A, it 
should not place twin B at a greater risk of head entrapment and birth 
trauma than if spontaneous delivery is allowed, because twin A has 
both tested and “prepared” the passage for twin B. Often, satisfactory 
analgesia and pelvic and abdominal muscle relaxation (all provided 
by regional anesthesia) will be sufficient for version and extraction of 
twin B. In some situations, however, uterine relaxation is required. 

If twin A has a nonvertex presentation, it is likely that a cesarean 
section will be performed. With the breech-vertex presentation, there 
is a 1% chance of locking of the fetal heads during attempted vaginal 
delivery. This complication has a 50% mortality rate.?* 


Anesthetic Considerations for Multiple Gestation 


In 1958 Little and Friedman? reviewed the published literature 
and concluded that major conduction anesthesia for vaginal twin de- 
livery was associated with poor neonatal outcome, as compared with 
either local infiltration/pudendal block or inhalation analgesia. The 
safety of epidural and caudal analgesia was re-evaluated two decades 
later. Studies by Crawford?® and James et al”? found no difference in 
neonatal acid-base status and Apgar scores between infants whose 
mothers received epidural analgesia versus local infiltration or pu- 
dendal block. It is now widely accepted that lumbar epidural anes- 
thesia is safe and desirable for the vaginal delivery of twins. 

If epidural analgesia is employed for vaginal delivery of twins, 
several factors must be considered to maximize its safety. Because of 
the increased uterine mass, there is greater severity of aortocaval 
compression.” It is therefore particularly important to maintain left 
uterine displacement; this will improve venous return and help main- 
tain cardiac output and uteroplacental perfusion. Adequate prehydra- 
tion of the mother is mandatory prior to epidural injection of local 
anesthetic. A bolus of lactated Ringer’s solution (that is, = 10 mL per 
kg for labor analgesia; = 20 mL per kg for cesarean section anesthesia) 
should be administered before injection of the test dose. After the test 
dose is judged to be negative, the block should be established slowly. 
This will minimize hypotension. Finally, it is helpful to electronically 
monitor the heart rate of both fetuses before, during, and after induc- 
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tion of epidural anesthesia. If the membranes are ruptured, an ECG 
lead may be placed on the scalp of twin A, while twin B is monitored 
externally. 

During vaginal twin delivery the considerations for epidural an- 
algesia are similar to those for a single delivery. If a spontaneous de- 
livery is planned (as with a vertex-vertex pairing), one may attempt 
to provide analgesia with minimal motor block so that the mother is 
able to push effectively. However, if it is likely that twin B will be 
delivered by internal podalic version and breech extraction, both the 
obstetrician and the patient will benefit from a dense sacral block. In 
that circumstance one may inject 10 to 15 mL of local anesthetic at the 
time of delivery of twin A. If epidural analgesia was not used during 
the first stage of labor, then low spinal anesthesia may be used. 

Because uterine and cervical relaxation is occasionally required 
for vaginal delivery of the second twin, an anesthetist who is prepared 
to immediately induce general anesthesia should be present. Follow- 
ing delivery of twin A, if the presentation of twin B is found to be 
nonvertex, and the uterus is tight or the cervix has begun to contract, 
administration of a potent halogenated agent will relax the uterus and 
facilitate internal podalic version and extraction. As with the breech 
delivery, the mother should receive an oral antacid, have all routine 
monitors applied, and inspire supplemental oxygen during the second 
stage of labor. If general anesthesia is necessary, proceed with the 
application of cricoid pressure and rapid sequence induction with 
endotracheal intubation. After intubation, greater than or equal to 2 
MAC of a potent halogenated agent should be administered. This will 
result in uterine relaxation within approximately 3 minutes. Following 
delivery, the potent agent should be discontinued to allow the uterus 
to contract. The patient should remain anesthetized and intubated 
until the placenta is delivered, the episiotomy is repaired, and he- 
mostasis is secured. 

If cesarean section is planned, either regional or general anes- 
thesia is acceptable. If regional anesthesia is chosen, epidural is pref- 
erable to spinal anesthesia as it allows a slower onset of the sympa- 
thetic block and thus decreases the likelihood of hypotension. Any 
fall in blood pressure during onset of the block should be aggressively 
treated with increased left uterine displacement, intravenous fluid 
boluses, and intravenous ephedrine. If general anesthesia is chosen, 
one should perform preoxygenation, cricoid pressure, rapid sequence 
induction, and endotracheal intubation. Anesthesia is then maintained 
with 30 to 50% nitrous oxide in oxygen and approximately 0.6 MAC 
of a potent halogenated agent. The effect of a low concentration of 
potent agent on perioperative blood loss is controversial.?”** Ifa small 
concentration of potent agent increases blood loss at cesarean section, 
the effect is small. It is important to administer a small concentration 
of a potent inhalation agent to provide effective maternal amnesia.>” 
Furthermore, administration of a potent halogenated agent allows the 
anesthesiologist to give an increased inspired oxygen concentration 
to the mother. This results in increased oxygen delivery to the fetus 
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and minimizes neonatal depression.*© Following delivery, it is pos- 
sible to increase the concentration of nitrous oxide up to 70% and 
reduce or eliminate the concentration of the potent agent. 

Gestations of more than two fetuses carry an even greater risk to 
both mother and infants. The cardiovascular changes of pregnancy are 
further exaggerated. Abdominal distension and diaphragmatic ele- 
vation can cause respiratory failure, which may be an indication for 
early delivery. Essentially, all viable fetuses of triplet or greater ges- 
tation are delivered abdominally in some centers. If the maternal res- 
piratory status is marginal prior to cesarean section, general anesthesia 
is preferred because of the potential for further maternal respiratory 
embarrassment with high regional anesthesia. 


SHOULDER DYSTOCIA 


The diagnosis of shoulder dystocia is made after delivery of the 
head when impaction of the anterior shoulder against the maternal 
symphysis pubis occurs, preventing delivery.** The incidence of 
shoulder dystocia is 0.2 to 1.7% of deliveries of infants weighing 
greater than 2500 g.*°° Risk factors for development of shoulder dys- 
tocia include fetal macrosomia, previous infant weighing greater than 
4000 g, multiparity, obesity, diabetes, post-term labor, prolonged sec- 
ond stage of labor, and mid-forceps delivery.*° 

Shoulder dystocia results in significant neonatal morbidity or mor- 
tality in up to 48% of the cases.*2° Morbidity is most often due to fetal 
hypoxia, orthopedic injury (for example, fracture of the humerus or 
clavicle), and peripheral nerve injury (Erb’s palsy).* In addition to a 
high rate of fetal morbidity, there is increased maternal morbidity (for 
example, vaginal trauma, increased blood loss). Identification of risk 
factors alerts the obstetrician to the possibility of a shoulder dystocia. 
If the risk of dystocia is considered to be great (for example, estimated 
fetal weight greater than 4500 g) then the obstetrician may perform 
an elective cesarean section. If a vaginal delivery is attempted in the 
presence of risk factors for shoulder dystocia, then the anesthetist 
should be notified in order to be prepared to handle the maternal and 
neonatal complications that may arise. However, we emphasize that 
most cases of shoulder dystocia are unexpected. 


Obstetric Management of Shoulder Dystocia 


Upon the diagnosis of shoulder dystocia, the obstetrician will per- 
form a series of maneuvers to facilitate delivery of the fetal shoulders. 
First, an assistant applies suprapubic pressure while the obstetrician 
applies gentle inferior and posterior pressure to the fetal head. This 
may allow the posterior shoulder to fall into the sacral concavity, thus 
making room for delivery of the anterior shoulder. If this is unsuc- 
cessful, the obstetrician may attempt to deliver the posterior shoulder 
over the perineum. Otherwise, the posterior shoulder is rotated 180 
degrees anteriorly until it delivers (that is, the corkscrew maneuver). 
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If this fails, the posterior arm may be swept away and delivered. De- 
livery may then occur spontaneously or require rotation of the fetal 
trunk. If these efforts fail, a fetal clavicle may be fractured. This de- 
creases the width of the fetal shoulders and allows spontaneous de- 
livery.*® An alternative to clavicle fracture, rarely used in this country, 
is symphysiotomy. This procedure requires local infiltration anes- 
‘thesia and results in a 1.5 to 2.5-cm pelvic enlargement.*’ This may 
help avoid the morbidity associated with neonatal orthopedic injury. 
Although the latter two procedures may be helpful, they are best 
avoided due to the potential for serious morbidity. In contrast, a help- 
ful noninvasive manuever unknown to some obstetricians is the 
McRobert’s maneuver.” This maneuver, which is employed at the 
first evidence of shoulder dystocia at our hospital, places the mother 
in complete thigh flexion (knee-chest position). This rotates the sym- 
physis superiorly and often alleviates the anterior shoulder impaction. 

Occasionally, all maneuvers will fail to allow vaginal delivery of 
the infant. In such case the Zavanelli maneuver may be employed.*’ 
With this maneuver, the fetal head is returned to the uterus and held 
in place by an assistant while the obstetrician proceeds with a cesarean 
section. This procedure may be lifesaving for the infant and should 
not increase maternal morbidity beyond that for any other emergency 
cesarean section.*” 

Following delivery, the infant with a shoulder dystocia is likely 
to be severely depressed. Personnel for resuscitation of the neonate 
should be summoned as soon as the diagnosis of shoulder dystocia is 
made. The anesthetic requirements for delivering an infant at risk for 
shoulder dystocia are similar to a routine vaginal delivery. However, 
good pelvic and perineal anesthesia are essential for many of the pre- 
viously mentioned maneuvers to be accomplished without excessive 
maternal discomfort. This can be provided with epidural or low spinal 
anesthesia. Pudendal anesthesia is occasionally preferred by some 
obstetricians as this ensures that the parturient can generate maximum 
pushing efforts. 

On occasion, general anesthesia may be required if adequate pel- 
vic anesthesia is lacking. Skeletal muscle relaxation of the pelvic floor 
by succinylcholine may facilitate delivery of the shoulders. In this cir- 
cumstance one should proceed with preoxygenation (four vital-ca- 
pacity breaths of 100% oxygen),** cricoid pressure, rapid sequence 
induction, and intubation with a cuffed endotracheal tube. As opposed 
to anesthesia for breech or twin delivery, uterine muscle relaxation 
is not required in this circumstance. After delivery the mother should 
remain anesthetized and intubated until the placenta is delivered and 
the episiotomy is fully repaired. Again, it should be emphasized that 
the anesthetist should be present at the start of the delivery because 
time is of the essence once the head is delivered and the shoulder 
becomes entrapped. 


Other Abnormal Presentations 


In addition to the breech presentation, one may encounter several 
other abnormal presentations. In the case of a face presentation, vag- 
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inal delivery is possible provided the mentum is anterior, but there is 
an increased likelihood of cephalopelvic disproportion. Most other 
abnormal presentations (brow, shoulder transverse) are not compati- 
ble with vaginal delivery. In such cases, the obstetrician may attempt 
an external cephalic version. Otherwise delivery will be accomplished 
by cesarean section. 


RETAINED PLACENTA 


Retained placenta is defined as the retention of all or part of the 
placenta for more than 10 to 15 minutes after delivery of the infant. 15 
It occurs in approximately 1% of all deliveries. If separation of the 
placenta does not occur within 15 minutes of delivery, manual removal 
is recommended.’ Golan et al% suggested that intraumbilical vein 
administration of oxytocin is effective in the management of retained 
placenta, but this preliminary study did not include a control group. 
Three of four subsequent controlled studies have failed to demon- 
strate the efficacy of this technique. 10334453 

Occasionally, a large portion of the placenta separates and is de- 
livered while a small portion remains within the uterus. A careful 
inspection of the placenta may alert the obstetrician to this occurrence. 
Otherwise a retained placental part may also be identified during man- 
ual exploration of the uterus after the third stage of labor. Infrequently, 
a patient leaves the delivery room with a portion of the placenta within 
the uterus. The obstetrician may be suspicious of this if post-delivery 
bleeding is excessive. Confirmation of the diagnosis and treatment 
require exploration of the uterus. Unfortunately, a significant period 
of time often elapses between delivery and uterine exploration. By 
the time the patient returns to the delivery room, she may be hypo- 
volemic. Also, the cervix is likely to be contracted, making exploration 
difficult and painful. In some cases it is possible to strip away the 
retained placenta with forceps. This is not very painful and can often 
be performed without anesthesia. But the majority of women will re- 
quire at least moderate levels of analgesia to tolerate the procedure. 


Anesthetic Management of the Retained Placenta 


If analgesia or anesthesia is required for removal of the retained 
placenta, the anesthesiologist should first evaluate the patient’s vol- 
ume and coagulation status. Tachycardia, flat neck veins, and ortho- 
static hypotension are suggestive of hypovolemia. In addition to the 
physical examination, the blood loss can be estimated by weighing 
the blood-soaked pads. Coagulation status can be evaluated by in- 
specting the vaginal blood for clots, examining intravenous catheter 
sites for oozing, and watching for clot formation within a red top tube. 
Formal coagulation studies (PT, PTT, fibrinogen, and platelet count) 
generally cannot be performed quickly enough to assist in the per- 
ioperative management of these patients. 

Although analgesic drugs may be adequate for uterine explora- 
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tion, particularly if the cervix remains dilated, care must be taken to 
avoid airway obstruction, respiratory depression, and loss of protective 
reflexes. For example, 40% nitrous oxide in oxygen can be adminis- 
tered. Intravenous narcotics (for example, fentanyl 25 to 100 pg, or 
alfentanil 250 to 1000 ug) are also effective. Ketamine is a potent an- 
algesic; 10 to 20 mg may provide effective analgesia for up to 10 min- 
utes. In contrast, benzodiazepines are not analgesics and have little 
or no role in management of the retained placenta except for their 
amnestic effects, which may last for several hours after their admin- 
istration and interfere with maternal-infant bonding. 

If a general anesthetic is given, the patient must still be regarded 
as having a full stomach and appropriate precautions must be taken 
to guard against regurgitation and aspiration. As stated previously, all 
the potent halogenated agents are equipotent uterine relaxants when 
given in equal anesthetic doses.*? A high concentration of potent agent 
(for example 2 MAC) can be given until the retained placenta is re- 
moved. The potent agent should then be immediately discontinued 
to allow the uterus to contract and thus minimize further blood loss. 
The patient should remain anesthetized and intubated until explo- 
ration is complete, lacerations are repaired, and hemostasis is secured. 

Regional anesthesia may be acceptable in selected cases. How- 
ever, the anesthesiologist first must be certain that both the volume 
and coagulation status of the patient are acceptable. If an epidural 
catheter remains in place from labor and delivery, it can be reinjected. 
If an epidural catheter is not in place, then spinal or epidural anes- 
thesia is acceptable. Because the sacral segments must be blocked to 
provide adequate anesthesia for uterine exploration, low spinal or cau- 
dal epidural anesthesia may be more reliable than lumbar epidural 
anesthesia. But it must be remembered that regional anesthesia does 
not provide uterine relaxation. If the obstetrician requests uterine re- 
laxation, then general anesthesia with a potent halogenated agent is 
preferred. 

Two preliminary reports suggested that intravenous nitroglycer- 
ine provides effective uterine relaxation for the manual removal of the 
retained placenta.!*?’ Unfortunately, neither study included a control 
group. Also, widely different doses of nitroglycerine were used (50 
versus 500 wg). Although neither study reported adverse maternal he- 
modynamic effects, it is not clear how much bleeding had occurred 
before the nitroglycerine was given. Although it may be reasonable 
to try a small dose of nitroglycerine for relaxation of the uterus in the 
absence of maternal hypovolemia, it cannot be considered a standard 
or proven treatment at this time. 


SUMMARY 


Abnormal presentations complicate approximately 4% of all de- 
liveries. The majority of these infants are in the breech presentation. 
Recent data suggest that vaginal delivery of the breech infant may be 
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as safe as cesarean section. Epidural analgesia is preferred for vaginal 
delivery of the breech presentation. Sacral block may prevent pre- 
mature maternal pushing and thus decrease the likelihood of cervical 
head entrapment. During delivery the obstetrician attempts to mini- 
mize trauma to the fetal head and neck. On occasion, general anes- 
thesia is necessary to relieve cervical entrapment. The anesthesiol- 
ogist should be prepared to administer general anesthesia to every 
patient with a breech presentation. 

Multiple gestation complicates approximately 1 to 2% of all preg- 
nancies. The physiologic changes of pregnancy are exaggerated with 
multiple gestation. For twin gestations, the presentation of the fetuses 
may influence the mode of delivery. Epidural analgesia is preferred 
for vaginal delivery. If a spontaneous delivery is planned, the motor 
block should be minimized. If internal podalic version and extraction 
of twin B is planned, epidural anesthesia alone may be sufficient. But, 
on occasion, general anesthesia is required for delivery of the second 
twin. Specifically, administration of a potent halogenated agent will 
relax the uterus and facilitate delivery of the second twin. For ges- 
tations of greater than two, delivery is generally performed via ce- 
sarean section. Either regional or general anesthesia is acceptable de- 
pending on the condition of the mother. 

Shoulder dystocia occurs in up to 2% of vaginal deliveries. The 
dystocia is often relieved by changing the rotation of the maternal 
pelvis or changing the fetal position. Rarely, general anesthesia and 
skeletal muscle relaxation may be necessary. Following delivery the 
infant tends to be depressed and may require resuscitation. Rarely, 
the fetus cannot be delivered vaginally, is returned to the uterus, and 
delivered by cesarean section. 

Retained placenta occurs in 1% of deliveries. Often there is sig- 
nificant blood loss with a retained placenta. Patients may require anes- 
thesia for uterine exploration and removal of a retained placenta. Gen- 
eral anesthesia with a potent halogenated agent provides cervical and 
uterine relaxation, which facilitates exploration. These patients must 
be considered to have a full stomach, and precautions must be taken 
to prevent against regurgitation and aspiration. 
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Anesthesia for the Pregnant Patient 
Undergoing Nonobstetric Surgery 


Craig H. Leicht, MD, MPH* 


It is not uncommon for a pregnant woman to undergo surgery for 
a nonobstetric indication sometime during her pregnancy. In the 
United States approximately 50,000 women per year, that is, 1.5 to 2% 
of pregnant women, receive an anesthetic for a surgical indication 
unrelated to delivery.® }” 7* The commonest indications are appen- 
dectomy, breast biopsy, cervical cerclage, ovarian cystectomy, and in- 
creasingly, trauma. Other obstetric-related procedures in which anes- 
thesia may be administered during pregnancy include intrauterine 
exchange transfusion and intrauterine fetal surgery. A procedure re- 
lated to this topic, which deserves some mention, is in vitro fertiliz- 
ation. Undergoing a major neurosurgical or cardiac procedure while 
pregnant, although rare, is increasingly being reported. 

Not unlike anesthesia administered for vaginal delivery and ce- 
sarean section, the physiologic changes of pregnancy pose additional 
considerations for the anesthesiologist and related risks to the mother 
and fetus alike. Additionally, because surgical procedures are per- 
formed at all ages of gestation, the fetus is frequently at risk for preterm 
labor or abortion, potential defects from teratogenic agents or thera- 
pies, hypoxia from perturbations of uterine blood flow, and from the 
disease process that necessitated the surgery. 


ANESTHETIC CONSIDERATIONS IN GENERAL 


The physiologic changes of pregnancy and potential adverse ef- 
fects on the fetus must be considered in the administration of anes- 
thesia or analgesia to the pregnant patient. Hormonal effects from the 
placenta and ovaries as well as mechanical effects of the gravid uterus 
are responsible for major changes in virtually all organ systems. It is 
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essential to understand these changes and their implications for an- 
esthetic management to ensure the best possible outcome for mother 
and fetus undergoing surgery. 


Maternal Considerations 


Knowledge of the physiologic changes of pregnancy, and anes- 
thetic considerations thereof, is the key to safeguarding the mother 
during anesthesia regardless of the specific procedure being per- 
formed. Therefore, in addition to being reviewed in other sections of 
this volume, the major physiologic changes of pregnancy and con- 
comitant anesthetic considerations will be discussed here by each 
affected organ system. 

Cardiovascular System. Changes in the cardiovascular system are 
indeed profound.?™ 7° Increases in cardiac output begin as early as 8 
to 10 weeks gestation, approach a 35% increase by 20 weeks, reach 
their peak antepartum increase of 40 to 45% at 30 to 32 weeks, and 
slowly decline to an increase of 20% above the normal nonpregnant 
state at term. (The largest increase in cardiac output is about 60%, 
which occurs in the immediate postpartum period.) From as early as 
20 weeks gestational age the gravid uterus may compress the vena 
cava and potentially partially occlude the descending aorta when the 
patient moves from lateral to supine position; thus producing abrupt 
drops in cardiac output from the usual increased values of pregnancy 
to below that of the normal nonpregnant state. Therefore, care must 
be taken to avoid a totally supine position. Utilization of left lateral 
tilt or hip roll is an absolute necessity even early in gestation. This is 
true for local, regional, and general anesthesia alike. Additionally, 
pregnant patients normally may exhibit electrocardiographic changes 
and murmurs not normally present in the nonpregnant state that may 
not be easily distinguished from true pathologic changes in some cir- 
cumstances. 

Respiratory System. A 60 to T0% increase in alveolar ventilation, 
a 15% increase in respiratory rate, and a 40% increase in tidal volume 
explain the decrease in maternal Pacog to approximately 32 torr.” ® 18 
This also contributes to a more rapid induction and emergence from 
inhalation anesthetics. This physiologic hyperventilation also ex- 
plains the near normal or slightly increased Paos in spite of increased 
oxygen consumption in pregnancy. However, most significant is the 
increased risk of the rapid development of hypoxia and acidosis; a 
20% decrease in functional residual capacity (FRC) combined with 
increases in basal metabolic rate and oxygen consumption are the 
predominant factors. Therefore, adequate time for preoxygenation 
must be assured. Enlarged breasts and engorged respiratory tract mu- 
cosa may contribute to the difficulty with ventilation and intubation 
of these patients. Likewise, the glottic opening may be narrowed due 
to edema, necessitating a smaller endotracheal tube (6.5 or 7.0 mm 
outside diameter). Pregnant patients undergoing procedures under 
local or regional anesthesia should also receive supplemental oxygen. 

Central Nervous System. The minimal alveolar concentration 
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(MAC) of all commonly used inhalation agents is decreased by 25 to 
40% in pregnancy.’* 16 Pregnant patients experience a more rapid 
onset and a higher level of spinal or epidural anesthesia compared 
with age-matched nonpregnant controls given the same dose of local 
anesthetic. Therefore, all drugs, that is, local anesthetic agents, nar- 
cotics, sedatives, and inhalation anesthetic agents, should be titrated 
to effect whenever possible. 

Renal System. Glomerular filtration rate and renal blood flow both 
increase significantly in pregnancy and may alter the pharmacoki- 
netics/dynamics of many drugs, especially those excreted by the kid- 
neys. 

Gastrointestinal System. The hormonal and mechanical changes 
of pregnancy account for a decrease in lower esophageal sphincter 
tone, a decrease in gastric motility, an increase in intragastric pressure, 
increases in gastric secretion and acidity, and outflow obstruction, 
which places the pregnant patient at very high risk for aspiration of 
gastric contents.'* 1° Some of these changes occur very early in ges- 
tation and therefore maneuvers to decrease the risk of aspiration 
should be employed in all pregnant patients. As a general rule, the 
following simple measures should be used for all pregnant patients 
undergoing general anesthesia: a clear oral antacid should be admin- 
istered preoperatively, cricoid pressure should be applied during the 
induction of anesthesia, the trachea of the pregnant patient should be 
routinely intubated, and extubation of the trachea should be per- 
formed only after the patient is fully awake. A clear oral antacid should 
also be administered preoperatively to pregnant patients undergoing 
procedures under regional or local anesthesia. 

Hematologic System. A 20% increase in red blood cell volume 
with a concomitant 40 to 50% increase in plasma volume accounts for 
the so-called “physiologic anemia of pregnancy.” *° Plasma proteins 
are likewise diluted and may affect the pharmacokinetics of highly 
protein-bound drugs. Plasma cholinesterase levels inversely decrease 
as gestation increases. This is probably secondary to decreases in pro- 
duction as well as a dilutional effect. Fortunately, under normal con- 
ditions, the clinical effect is usually insignificant. Increased levels of 
fibrinogen and other clotting factors lead to a hypercoagulable state 
that increases the risk of thromboembolic complications. 


Fetal Considerations 


In general, with regard to the fetus, there are three main areas of 
concern: (1) maintenance of fetal oxygenation; (2) avoidance of tera- 
togenic agents; and (3) prevention of preterm labor. 

Maintenance of Fetal Oxygenation. Maintenance of fetal oxygen- 
ation is dependent on the ability to maintain both maternal oxygen 
content and intervillous blood flow. This requires maintenance of nor- 
mal maternal Pade and Pacog, maternal blood pressure, and uterine 
vascular resistance. For the most part, the causes and treatment of 
maternal hypoxemia under general anesthesia are the same as for any 
ventilated patient with the addition of the parturient’s propensity for 
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rapid desaturation. There is no reason to avoid the administration of 
high concentrations of oxygen to the mother as maternal hyperoxia 
presents no risk to the fetus. Even with a maternal Paoa of 600 torr, 
the fetal Paoa does not rise above 50 to 60 torr. There is, therefore, 
no risk of retrolental fibroplasia or premature closure of the ductus 
arteriosus in utero secondary to increased maternal oxygen content. 

The baseline state of the uterine vasculature is wide dilation with 
little capability to dilate further. However, the uterine vasculature is 
capable of marked constriction. Hyperventilation, that is, maternal 
alkalosis, will reduce intervillous blood flow by causing direct vaso- 
contriction. Additionally, this will increase the affinity of maternal 
hemoglobin for oxygen, resulting in a decrease in release of oxygen 
to the fetus in the intervillous space. Direct-acting vasoconstrictors, 
that is, alpha-agents, such as phenylephrine, will cause uterine vaso- 
constriction and decreased intervillous blood flow. (Ephedrine, an 
indirect acting agent, is the recommended drug for maternal hypo- 
tension.) Maternal hypercapnia will produce respiratory acidosis in 
the fetus. Excessive positive-pressure ventilation may increase intra- 
thoracic pressure, decrease venous return, and decrease cardiac out- 
put, thereby causing a decrease in uterine blood flow. Uterine arterial 
blood flow is directly dependent on maternal blood pressure. A de- 
crease in maternal blood pressure will cause a decrease in uterine 
blood flow, a decrease in intervillous blood flow, and eventually fetal 
asphyxia. Deep levels of inhalation agents will cause maternal hy- 
potension and resultant fetal asphyxia. However, with lighter levels 
of these agents, the decrease in maternal blood pressure is minimal. 
At levels of general anesthesia sufficient to attenuate the stress re- 
sponse to surgery, but not sufficiently deep as to significantly decrease 
maternal blood pressure, uterine vascular resistance may actually 
slightly decrease and intervillous blood flow slightly improve. How- 
ever, this relationship is tenuous at best and, therefore, maintenance 
of maternal blood pressure must be considered the highest priority, 
as it is measurable and treatable. Maternal hypotension must be 
avoided, if at all possible, and treated promptly if it occurs. Treatment 
should consist of intravenous fluid administration, repositioning the 
patient to a more lateral position, if at all possible, decreasing the 
anesthetic concentration, and administration of an appropriate vaso- 
pressor (ephedrine), if necessary. Additionally, repositioning of sur- 
gical packs and retractors should be considered, as the combination 
of poorly positioned packs and retractors and a gravid uterus may lead 
to hypotension refractory to all other modes of therapy. Whenever 
possible, fetal heart tones should be monitored in the intraoperative 
and early postoperative periods. 

Avoidance of Teratogenic Agents. Many premedicants and anes- 
thetics are teratogenic in some animal species under some conditions. 
Furthermore, certain conditions in the absence of medications or an- 
esthetics, such as hyperbaric oxygen, hypoxia, and hypercapnia may 
also be teratogenic in some animals. There are many factors that may 
determine whether or not an agent will be teratogenic in humans. 
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These include (1) dose and duration of exposure, (2) the embryonic/ 
fetal stage at which the agent is administered, and (3) species-specific 
genetic susceptibility to the agent. It is apparent, therefore, that a drug 
that may cause a defect in animal studies may not necessarily be ter- 
atogenic in man. Also, the finding of teratogenesis after exposure to 
very high doses, or prolonged chronic exposure at lower doses, does 
not mean that a single short exposure during the course of an anes- 
thetic would likewise cause a defect. There may be sensitivity to ex- 
posure during certain stages of development and little or no effect at 
a different time. Generally speaking, the most critical stage of devel- 
opment is thought to be during the period of organogenesis at 15 to 
56 days gestation. There also may be a particular sensitivity of the 
central nervous system to external factors at a later time, specifically 
during the period of myelination, which is thought to extend from late 
second trimester to a few days after birth. 

Of the anesthetic agents commonly used in pregnancy, nitrous 
oxide (N20) has received the most attention recently. The potential 
toxic effects of N2O appear to be related to its capacity to inactivate 
an enzyme, methionine synthetase. Methionine synthetase is respon- 
sible for the conversion of homocystiene and methyltetrahydrofolate 
to methionine and tetrahydrofolate. Methionine is an essential amino 
acid whereas tetrahydrofolate is needed for the synthesis of DNA. The 
inactivation of methionine synthetase persists for several days in an- 
imals given N20. The inactivation of methionine synthetase appears 
to occur in both the mother and the fetus.’° This effect has not been 
proved to be clinically significant in humans. It has been suggested 
that folinic acid, methionine, and vitamin Bia be administered to preg- 
nant patients undergoing anesthesia with N20 in an attempt to prevent 
this potential problem; however, this has not yet been proved clini- 
cally effective. It is our practice, because of the previously mentioned 
theoretical concerns, to simply avoid the administration of N2O to 
pregnant patients whenever possible, especially in the first trimester. 

Teratogenicity: Human Studies and Implications. Shnider and 
Webster’? reviewed the records of over 9000 obstetric patients of 
whom 1.6% underwent surgery during pregnancy. Premature delivery 
occurred in 9% (7.5% perinatal mortality) compared with 2.2% of those 
who did not undergo surgery. Duncan et al’ surveyed health insurance 
data of the entire Manitoba population over an 8-year period. During 
that time, over 2500 women who underwent surgery during pregnancy 
were matched with pregnant controls who did not undergo surgery. 
Again the incidence of spontaneous abortion was increased in the 
patients who underwent surgery during pregnancy, being the highest 
for those patients undergoing gynecologic surgery during pregnancy. 
However, the incidence of congenital anomalies was similar in sur- 
gery and control groups. Brodsky et al? reviewed the fetal outcome of 
287 women who underwent surgery during pregnancy. These authors 
also found that surgery during early pregnancy was associated with a 
significant increase in the rate of spontaneous abortion compared with 
the control group (no surgery during pregnancy), but there were no 
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differences in the incidence of congenital anomalies in the offspring 
of the women between the groups. None of these or other studies have 
shown an increase in congenital anomalies secondary to anesthesia 
for surgery during pregnancy in humans. It is interesting to note that 
the Swedish Catalogue of Registered Pharmaceutical Specialists has 
classified anesthetic agents in category A; that is, no known terato- 
genicity. In contrast, there is some evidence that the hospitalized preg- 
nant patient is exposed to a number of environmental and chemical 
factors that are potentially teratogenic. These include emotional 
stress, confinement to a hospital bed, hypoglycemia, irradiation, ami- 
ee antibiotics, warfarin anticoagulants, and antiepileptic 
rugs. 

Although it appears that surgery during pregnancy is associated 
with an increased incidence of spontaneous abortion and fetal demise, 
there is no evidence that this increase is associated with anesthesia 
per se. Rather, the increased fetal loss appears to be associated with 
the procedure itself, the site of the surgery, or the underlying con- 
dition that necessitated the surgery. Finally, there is no clinical evi- 
dence that a particular type of anesthetic is associated with a better 
outcome than any other type of anesthetic for surgery during preg- 
nancy, provided maternal blood pressure, oxygenation, and homeo- 
stasis is maintained. 

Prevention of Preterm Labor. As noted in the preceding discus- 
sion of teratogenicity, Brodsky,’ Shnider,”* and Duncan’ all found the 
incidence of preterm labor and spontaneous abortion to be markedly 
increased in patients who underwent surgery during pregnancy. 
Therefore, it is critical that uterine activity be monitored closely dur- 
ing surgery and in the immediate postoperative period, and treatment 
instituted promptly if uterine contractions develop. Some obstetri- 
cians prefer to use prophylactic tocolysis to prevent preterm labor in 
patients who appear to be at significant risk for developing such during 
surgery; however, clinical studies have not documented its efficacy. 
Unfortunately, no ideal agent for tocolysis exists currently. The most 
commonly used therapeutic agents are B-adrenergic agonists (ritrod- 
rine and terbutaline) and magnesium sulfate, although many other 
agents have been used for this purpose. Each of these agents have 
potential maternal and fetal side effects and concomitant anesthetic 
implications. Most notorious are the B-adrenergic agonists; reported 
side effects thereof include hypokalemia, hyperglycemia, pulmonary 
edema, tachycardia, premature ventricular contractions (PVCs), chest 
tightness, myocardial ischemia, ST-segment and T-wave changes on 
the ECG, atrial fibrillation, and rarely, maternal death associated with 
unrecognized heart disease. The tachycardia, which is almost uni- 
versally present, makes it difficult to estimate the level of anesthesia 
and fluid status. Because of the-increased risk of dysrhythmias, sym- 
pathomimetic agents such as ephedrine, halothane, ketamine, and 
pancuronium should be used with caution. Atropine and glycopyr- 
rolate should be avoided as well. Also, hyperventilation should be 
avoided, as this will further increase the intracellular movement of 
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potassium. Because of the increased risk of pulmonary edema the pa- 
tient’s fluid status must be carefully evaluated. This is especially true 
prior to prehydration for regional anesthesia. Minimal prehydration 
is recommended, and if hypotension develops, small boluses of fluids 
and ephedrine should be administered with caution. 

Magnesium sulfate is the other frequently used tocolytic agent 
and offers the advantage of generally fewer maternal and fetal side 
effects. Magnesium is excreted solely by the kidneys, and therefore, 
renal impairment is a relative contraindication. Its mechanism of ac- 
tion is not entirely understood. However, it is a smooth muscle re- 
laxant as well as a depressant of neuromuscular conduction. It prob- 
ably prevents the increase in intracellular calcium concentration that 
is necessary for muscle contraction by competing with calcium for 
surface-binding sites on the smooth muscle. Magnesium also acts at 
the neuromuscular junction; presynaptically, by decreasing the re- 
lease of acetylcholine and, postsynaptically, by decreasing the sen- 
sitivity of the endplate to acetylcholine. Patients being administered 
magnesium sulfate are, therefore, more sensitive to both depolarizing 
and nondepolarizing muscle relaxants. It is not necessary and may be 
dangerous to pretreat with a nondepolarizing agent prior to the ad- 
ministration of succinylcholine. It is our practice to give our usual] 
dose of muscle relaxant for intubation, being well aware that the du- 
ration may be prolonged. Additional doses of muscle relaxants should 
be titrated to effect using a neuromuscular blockade monitor. Toxic 
doses of magnesium sulfate may have profound depressive effects on 
cardiac and respiratory function. Therefore, a baseline magnesium 
sulfate level should be obtained prior to proceeding with the anes- 
thetic. If necessary, many of the toxic effects of magnesium can be 
reversed by the judicious administration of calcium. 

Patients prophylatically treated with a tocolytic agent should have 
the agent continued 24 to 48 hours postoperatively. All patients should 
be monitored postoperatively for the presence of uterine contractions. 
If regular uterine contractions are present, especially in light of a 
change in cervical examination, tocolysis, at full therapeutic doses, 
should be considered. Other diagnostic measures must also be un- 
dertaken to rule out other causes of premature labor, such as cho- 
rioamnionitis, urinary tract infection, and abruptio placentae. 


Implications of Adjuvant Therapies Common to Anesthetic Practice 


Controlled Hypotension. Controlled hypotension should not be 
routinely used as an adjunct to anesthesia for surgery in a pregnant 
patient. However, there may be certain circumstances that warrant its 
use; for example, in a craniotomy on a pregnant woman for repair of 
a vascular lesion. In this case, inducing controlled hypotension will 
reduce the likelihood of rupture of the lesion, but may also cause fetal 
asphyxia. Hypotensive anesthesia has reportedly been successfully 
used in some such cases,!* whereas in other cases fetal distress or 
death has resulted.*° The drugs commonly used include halogenated 
anesthetic agents, sodium nitroprusside, nitroglycerin, and trimeth- 
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aphan. The use of halogenated agents for this purpose is probably 
contraindicated, because high concentrations of these agents cause 
depressed myocardial contractility resulting in significant maternal 
hypotension causing decreased uterine blood flow and fetal asphyxia. 
Sodium nitroprusside is a very effective and titratable agent for con- 
trolled hypotension. However, it rapidly crosses the placenta and is 
degraded to cyanogen, which is potentially toxic to the fetus. Its use 
in pregnancy should probably be limited to small doses and short 
periods of time. Nitroglycerin, our first choice for this indication, al- 
though slower in onset than nitroprusside, is essentially nontoxic to 
the fetus and has been shown to be effective in the sheep model.?” 
Trimethaphan is a ganglionic blocking agent whose hypotensive effect 
depends primarily on the venous pooling of blood, which decreases 
venous return to the heart and thereby decreases cardiac output. This 
drug also reduces the pregnant patient’s normal response to caval 
compression, prolongs the action of succinylcholine by inhibiting 
plasma pseudocholinesterases, and causes dilation of the pupils, 
which may impair neurologic assessment of the patient. 

When induced hypotension is necessary, the drop in maternal 
blood pressure should be limited in extent and duration to the min- 
imum required for the case. Maternal arterial pH should be measured 
frequently to avoid risks of severe fetal or maternal compromise and 
the fetal heart rate must be monitored closely throughout the case. 

Osmotic Diuretics. Osmotic diuretics such as mannitol and urea 
are typically used in neurosurgical procedures to reduce cerebral 
edema. Unfortunately, these agents can cause a net flow of water away 
from the fetus to the mother.* This is of little consequence to the 
mother, but in the fetus may cause severe dehydration, and therefore, 
should be used only if absolutely necessary during pregnancy. 

Hypothermia. Hypothermia has been used as an adjunct to anes- 
thesia in certain cardiac and neurosurgical procedures in an attempt 
to reduce metabolic requirement for oxygen. Moderate hypothermia, 
30 + 2°C, has been successfully used as an adjunct to anesthesia for 
surgery during pregnancy.” Intervillous blood flow decreases sec- 
ondary to increased uterine vascular resistance, but oxygen transport 
remains unaffected. The fetus also becomes hypothermic and its met- 
abolic needs will proportionally decrease. As long as maternal blood 
gas and acid base status is optimized, the fetus should tolerate mod- 
erate hypothermia. 

Hyperventilation and Hypocapnia. Recalling that the maternal 
Pacog is normally 32 mm Hg, with a pH of 7.40 to 7.45, the anes- 
thesiologist should strive to maintain these values throughout surgery. 
Extreme hyperventilation will cause decreases in uterine blood 
flow, placental oxygen transport, and fetal Poo, resulting in fetal hy- 
poxia and acidosis. However, mild hyperventilation, that is, decreases 
of 5 to 7 torr, may be tolerated by the fetus. This course should be 
undertaken only with a fetal heart rate monitor in place, and with the 
understanding that ventilation will be returned to normal if signs of 
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fetal distress appear on the monitor. The use of hyperventilation in a 
pregnant patient should be limited in extent and duration and should 
be reserved for cases in which there is a proven need for its utilization. 


Specific Circumstances 


Anesthesia for Fetal Surgery. A variety of interventions, most 
commonly intrauterine exchange transfusion, but also antenatal place- 
ment of diversion catheters and aspiration of fetal cystic masses, are 
being performed with increased frequency. These procedures are usu- 
ally performed on an “awake” patient under a combination of maternal 
sedation/analgesia and local anesthesia. 

In the past, heavy sedation, for example, moderate to high doses 
of diazepam, was administered to the mother in an attempt to sedate 
the mother and fetus and help decrease fetal movement. More re- 
cently, the use of a nondepolarizing muscle relaxant administered in- 
tramuscularly or intravenously to the fetus has been used to decrease 
fetal movement. Pancuronium 0.5 mg”! and p-tubocurare 3 mg per kg? 
administered intramuscularly and atracurium 0.4 mg per kg! admin- 
istered intravenously have been described to successfully arrest fetal 
movement with no apparent maternal or fetal side effects. The du- 
ration of intramuscular pancuronium or D-tubocurare is 2 to 4 hours 
and 30 to 60 minutes for intravenous atracurium. The use of fetal in- 
tramuscular or intravenous muscle relaxants eliminates the need for 
excessive maternal sedation. A potential advantage of the use of the 
intravenous route over the intramuscular route is the avoidance of 
injection of the drug into the fetal thigh, which could potentially result 
in nerve damage or hematoma formation. Because both pancuronium 
and p-tubocurare are both largely metabolized in the liver and 
because severely erythroblastotic fetuses have significant hepatic 
impairment; atracurium, because of its alternative pathway of elim- 
ination, may be a reasonable choice for muscle relaxation in this 
situation. 

Our current practice is to administer midazolam 1 to 2 mg and 
fentanyl 50 to 100 wg intravenously to provide mild sedation/analgesia 
for the mother. The obstetrician then administers local anesthesia to 
the abdomen in a fashion similar to that for amniocentesis. This is 
followed by injection of 0.4 mg per kg of atracurium into the umbilical 
vein of the fetus, which results in almost immediate cessation of fetal 
movement lasting for 30 to 60 minutes. We have been satisfied that 
this combination has provided comfort to the mother and optimum 
operating conditions for the surgeon while avoiding excessive mater- 
nal sedation. 

Anesthesia for In Vitro Fertilization. The technique of in vitro 
fertilization with embryo transfer is now being widely used to treat 
infertile couples. Although the method was originally restricted to 
women who had no functioning oviducts as a result of severe tubal 
disease, it is now being used in cases of severe endometriosis and 
couples with “male factor’ or unexplained infertility. Until recently, 
laparoscopy has been the most widely used method for oocyte col- 
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lection in in vitro fertilization. In the last few years ultrasonically 
guided oocyte collection has been introduced in an increasing number 
of in vitro fertilization centers.‘1 Ultrasonically guided oocyte collec- 
tion may be performed transabdominally, transvesically, or transva- 
ginally. With the change in method of oocyte retrieval, the anesthetic 
requirement for the procedure has changed as well. In most cases, 
when ultrasonically guided oocyte collection is used, an anesthesiol- 
ogist’s services are no longer required. Local anesthesia with mild 
sedation is usually employed by the obstetrician. 

In centers where laparoscopy is still in use, an anesthetic is re- 
quired as for any laparoscopic procedure. Both general and regional 
anesthesia have been employed for laparoscopic oocyte retrieval. Our 
bias is to use epidural anesthesia for these cases whenever possible. 
However, for regional anesthesia to be successfully employed, the 
surgeon must learn to insufflate less COg and use Trendelenburg’s 
position less frequently than employed in many laparoscopic proce- 
dures. Our choice is based on the theoretical concern of the possible 
effect(s) on the oocyte of higher systemic levels of multiple anesthetic 
agents that accompany general anesthesia. There is some evidence 
that general anesthesia may change the concentration of certain reg- 
ulatory peptides found in follicular fluid.!° Furthermore, many of 
these patients undergo multiple procedures in a relatively short period 
of time. However, at this time there is no outcome data to support 
either type of anesthetic as being superior over the other type with 
regard to clinical pregnancy rate or difference in incidence of mal- 
formations. 


SUMMARY 


There are, therefore, a multitude of concerns that require consid- 
eration with regard to providing anesthesia care for the pregnant pa- 
tient undergoing surgery. However, the basic considerations common 
to all such cases are the following: (1) The physiologic changes of 
pregnancy must be understood and the anesthetic implications thereof 
must be acted upon. (2) Maternal blood pressure and uteroplacental 
perfusion must be maintained. Hypotension and aortocaval compres- 
sion should be avoided; however, if these should occur, treatment 
should be instituted promptly. (3) Anesthetic techniques should be 
selected that limit the exposure of mother and fetus to potentially 
teratogenic agents; remembering, however, that no anesthetic agent 
has yet been proved to be teratogenic in man. Regional anesthesia 
should be used whenever possible. (4) Preoperatively, discuss with 
the patient the implications of surgery and anesthesia during preg- 
nancy, including our current knowledge regarding the lack of known 
teratogenicity of anesthetic agents. (5) Fetal heart rate and uterine 
activity should be monitored intraoperatively and postoperatively; if 
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changes are noted, the anesthetic technique should be modified ac- 
cordingly. 
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Anesthesia for Postpartum 
Complications 


Walter L. Millar, MD* 


The majority of postpartum complications requiring an anesthe- 
siologist’s participation involve bleeding. This article reviews the 
more common problems and the anesthetic considerations associated 
with them. Postpartum hemorrhage may present the anesthesiologist 
with a confusing clinical situation, without prior warning and with 
great urgency for treatment. Significant but self-limited bleeding is 
incidental to normal delivery. Excessive or ongoing bleeding may be 
difficult to recognize or quantitate, and dilatory treatment usually does 
not produce morbidity, because the parturient is capable of remark- 
able physiologic adaptation to blood loss. Although it is rare, uncon- 
trolled postpartum hemorrhage is still a major cause of maternal death 
in North America® +°; the vast majority of such deaths are preventable. 

The anesthesiologist’s tasks are to assess the severity of the hem- 
orrhage, to provide appropriate volume resuscitation, and to provide 
optimal operating conditions for what may be a series of obstetric 
interventions, without exposing the patient to unnecessary additional 
risk. These tasks may have to be done in a site remote from the familiar 
environment of the operating suite, at any time of the day or night. 
Understanding the pathophysiology of obstetric hemorrhage, prior 
preparation, and anticipating the obstetrician’s diagnostic and thera- 
peutic maneuvers are essential to providing optimum anesthetic care. 
This article is intended to assist the occasional obstetric anesthesiol- 
ogist to prepare for this situation. 


MECHANISM OF NORMAL OBSTETRIC HEMOSTASIS 


The human placenta is perfused by 100 to 200 spiral arterioles, 
fed by an anastomotic network derived from the paired uterine and ovar- 
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ian arteries, which empty into the intervillous space. The blood in the 
intervillous space bathes the chorion of the fetal villi, across which 
exchange of oxygen and other substrates occurs, and it empties into 
venous sinuses in the basal plate of the placenta. When the placenta 
separates following delivery, the spiral arterioles are briefly left to 
empty directly into the uterine cavity. Normally, total flow almost 
instantaneously decreases, from 600 to 900 mL per minute to virtually 
zero. As a consequence, blood loss during normal vaginal delivery 
averages only 500 to 600 mL, most of it blood already contained in 
the intervillous space when separation occurred. 

Contraction of the uterus accomplishes this diminution of flow by 
compressing and kinking the spiral arterioles as they course through 
the contracted myometrium. This amazingly efficient mechanism of 
obstetric hemostasis is mechanical (“physiologic ligatures”). It is ef- 
fective, even in the patient with a complete inability of the blood to 
clot, although the patient with a bleeding diathesis may develop hem- 
orrhage from minor tears of the birth canal. During cesarean section, 
average blood loss increases to 1000 to 1200 mL, because the uterus 
may not contract physiologically and because of bleeding related to 
hysterotomy. 

Following cessation of flow in the spiral arterioles, a platelet plug 
forms, leading to activation of the clotting cascade and formation of a 
fibrin clot. Sustained contraction of the uterus following delivery, 
stimulated by endogenous or exogenous oxytocin, allows this stable 
clot to form. If the primary mechanism (mechanical occlusion) of 
hemostasis fails, a platelet plug and clot may still form if arteriolar 
flow is sufficiently reduced, either by hypotension or by therapeutic 
occlusion of the arterial supply. 

The healthy parturient is prepared for the normal 500-mL blood 
loss by the physiologic changes of pregnancy. Increases in plasma 
volume and red cell mass are accomodated by increased venous com- 
pliance, so that the parturient at term has a large blood volume res- 
ervoir in the capacitance system. Physical and neuroendocrine ad- 
aptations to hypovolemia are readily activated, such as mobilization 
of extracellular fluid (also increased), sympathetic arousal, and vaso- 
constriction. Because of these adaptations, blood loss several times 
that usually resulting from vaginal delivery is tolerated without se- 
rious sequelae. Postpartum hemorrhage is defined as blood loss ex- 
ceeding 500 mL for vaginal delivery, or any significant hemorrhage 
following cesarean section. 


MECHANISM OF FAILED OBSTETRIC HEMOSTASIS 


Postpartum uterine bleeding most often results from impaired 
contraction of the myometrium underlying the placental implantation. 
Global uterine atony is the most common cause. The pathophysiology 
of atony at the cellular level is not well defined, but overstretching 
of the contractile fibers and depletion of high-energy phosphate stores 
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are contributing factors. The clinical associations are with uterine dis- 
tension by multiple pregnancy, polyhydramnios, or fetal macrosomia, 
prolonged or oxytocin-stimulated labor, grand multiparity, and sepsis. 
Although global atony is the most common cause, it is a diagnosis of 
exclusion, because other causes require specific treatment. 

Generalized failure of myometrial contraction may also occur if 
the normally contractile uterus is distended by placenta or blood. Lo- 
calized failure may occur if a placental fragment or succenturiate lobe 
is retained, if the placenta has implanted on the cervix or lower uterine 
segment, which are poorly contractile (usually in conjunction with 
placenta previa), if abnormal placental implantation has invaded myo- 
metrium (placenta accreta), or if intramyometrial hematoma has 
formed (Couvelaire uterus). A special case of localized failure is uter- 
ine inversion; the fundus cannot effectively contract because it is 
turned inside out, while contraction of the lower uterine segment 
serves to entrap the inverted fundus. 


EXTRAUTERINE SOURCES OF OBSTETRIC HEMORRHAGE 


The forces of uterine contraction during labor result in fundal 
thickening, effacement of the cervix, and progressive dilatation of the 
cervix, vagina, and introitus as delivery progresses. Estrogen and pro- 
gesterone alter the connective tissue ultrastructure of the birth canal, 
so that expulsion of the fetus usually is accomplished with minimal 
tearing. Fetal macrosomia, dead fetus, precipitous labor, prior scar- 
ring, and obstetric forceps are associated with more extensive trauma. 
Major, life-threatening hemorrhage may occur in the case of rupture 
of the corpus uteri or laceration of the cervix that extends into the 
peritoneum, broad ligament, or retroperitoneal space. Perineal bleed- 
ing may be insidious, for the loose paravaginal tissues may allow sev- 
eral units of blood to accumulate without external evidence of bleed- 
ing. 


PREPARATION FOR POSTPARTUM COMPLICATIONS 


An operating room capable of accommodating major surgery must 
be available to the obstetric suite. In addition to the basic anesthesia 
machine and monitors, the anesthesiologist should have ready access 
to electronic pressure transducers, specialized equipment for rapid 
infusion of intravenous fluids, and devices that warm these fluids. 
Resuscitation in an environment where exsanguinating hemorrhage 
rarely occurs requires additional personnel, so that a plan for emer- 
gency communication via telephone, intercom, or pager should be set 
out in advance, utilizing whatever hospital administrative resources 
are available. 

Consultation with the hospital blood bank allows the planning of 
a “massive transfusion protocol,” facilitating access to regional blood 
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banks and promoting efficiency in the delivery of hospital bank blood 
when the need arises. 

If the obstetric operating room is not in the main operating room 
area, it is useful to keep a cart or tray stacked with large-bore intra- 
venous tubing, blood filters and pumps, catheters for venous and ar- 
terial cannulation, blood warmer inserts, and central venous cannu- 
lation trays and manometers. A supply of pre-warmed (37 to 40°C) 
balanced salt solution for intravenous infusion is invaluable in pre- 
venting hypothermia during fluid resuscitation; warm fluid also pre- 
eee shivering and discomfort in routine administration to patients 
in labor. 

Postpartum hemorrhage usually occurs during the first hour fol- 
lowing delivery, sometimes termed the fourth stage of labor. Because 
an indwelling epidural catheter is so convenient for safely producing 
complete analgesia, removal of labor epidural catheters is best delayed 
until after this fourth stage. Because of the time required for posi- 
tioning, epidural puncture, administration of test dose, and latency of 
the local anesthetic, it is seldom worthwhile to initiate epidural anes- 
thesia de novo for this procedure. 


TREATMENT OF POSTPARTUM HEMORRHAGE 


When obstetric hemorrhage warrants intervention, the patient 
should be moved to the operating room for monitoring and definitive 
diagnosis and therapy. Administrative and nursing help for the anes- 
thesiologist should be enlisted early, because the solo anesthesiolo- 
gist, once engaged in care of the patient, may be unable to coordinate 
the effort of obtaining necessary additional services and equipment. 
A plan of management based on the patient’s history, clinical course, 
and preexistent medical problems should be decided upon between 
obstetrician, anesthesiologist, and nurses. 

Certain initial resuscitative maneuvers—basic life support, ap- 
plication of monitors, venous cannulation—should be familiar to all 
members of the obstetric team, so that they may be begun prior to the 
anesthesiologist’s arrival. The first priority is to assure adequate ven- 
tilation. The patient who is comatose or apneic requires immediate 
mask ventilation with 100% oxygen with the application of cricoid 
pressure and eventual endotracheal intubation and mechanical ven- 
tilation. The patient who is awake and able to speak may breathe 
supplemental oxygen from a mask or nasal prongs while assessment 
continues. A pulse oximeter should be applied to provide real-time 
assessment of arterial oxygen saturation and an indirect monitor of the 
adequacy of the peripheral pulse. 

Circulation is the next priority. The patient’s initial positioning 
should be supine, tilted head down (Trendelenburg’s position) to pro- 
mote venous return. Blood pressure should be measured and recorded, 
recognizing that a normal pressure may be present even with moderate 
hypovolemia. Venous access must be secured as expeditiously as pos- 
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sible with the largest intravenous cannula practical. The dilated ca- 
pacitance vessels of pregnancy usually will permit placement of a 14- 
gauge cannula in the cepalic or basilic vein of the forearm. The dis- 
appearance of these veins owing to increased sympathetic tone may 
be a sign of hypovolemia, but also of cold and fear. A successful in- 
sertion of a small cannula is preferable to several failed attempts with 
a large one. If the patient is severely hypovolemic, central venous 
cannulation via the internal jugular or subclavian route may be more 
successful than peripheral. Peripheral venous cutdown requires 
equipment and expertise rarely found in the obstetric suite; it should 
be considered a measure of last resort, At the time of venous cannu- 
lation, a blood sample should be drawn, sufficient for analysis of he- 
moglobin/hematocrit, venous blood gases (a base deficit more than 4 
to 6 mEq per L is abnormal, even in pregnancy), and blood type and 
antibody screen. 

Infusion of Ringers lactate or other balanced salt solution is 
begun; the first liter should be infused as rapidly as possible, while 
assessment of the patient proceeds. An estimate of the degree of hy- 
povolemia must be made. Signs of impaired perfusion may be subtle, 
and estimates of external blood loss are inaccurate. Hypotension, 
tachycardia, pallor, clammy extremities, and other classic physical 
signs may or may not be present, depending on pain, anxiety, the 
degree of physiologic compensation, analgesic drugs administered 
during labor, and the rapidity of the blood loss. Hypotension is a late 
sign in the previously healthy young patient with ongoing hemor- 
rhage. Therefore, measurement of serial blood pressures during a con- 
trolled physiologic challenge, such as placing the patient in a head- 
up position (tilt test) or infusing a liter of crystalloid, will indicate 
more about volume status than a single reading. A small dose of nar- 
cotic will produce exaggerated analgesic and vasodepressor effects in 
the hypovolemic patient; this can be a valuable test, but it must be 
administered cautiously. 


ANESTHETIC MANAGEMENT OF POSTPARTUM 
COMPLICATIONS 


The anesthesiologist must work concurrently toward assessing 
and preparing the patient for anesthesia. An efficient preanesthetic 
history is taken as the monitors are applied, venous cannulation is 
performed, and the physical examination is done (never neglecting, 
despite the urgency of the situation, a careful evaluation of the airway). 
Volume resuscitation is begun, and appropriate help is summoned. 
The plan for obstetric intervention must be laid out in advance. It 
usually will proceed from examination, perhaps under anesthesia, in 
steps of increasing invasiveness as needed. Since the anesthetic ap- 
proach is tailored to the obstetric intervention, a number of conditions 
will be described, both to explain the obstetrician’s goals and pro- 
cedures and to describe the appropriate anesthetic response. 
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Uterine Inversion 


Obstetric Considerations. Uterine inversion, although rare, is 
considered first because it may require immediate induction of gen- 
eral anesthesia if it is to be successfully treated.” © 19 The clinical 
setting is that of a poorly contractile, often multiparous uterus inverted 
as the result of traction on the umbilical cord of a fundally implanted 
placenta, which has not yet separated. A portion or all of the inner 
surface of the uterus appears at the cervix, while the fundus is not 
palpable abdominally. Brisk hemorrhage ensues. Shock presents 
quickly, perhaps “‘out of proportion to the blood loss” because of vagal 
stimulation, but more often in proportion to the blood loss, which is 
easily underestimated. Immediate volume resuscitation must be 
begun. Attempts to separate the placenta before reduction increase 
blood loss. The fundus must be reduced quickly, because hemostasis 
is impossible in the inverted position and because contraction of the 
lower uterine segment progressively entraps the fundus. If immediate 
reduction is impossible, the obstetrician will request uterine relaxa- 
tion with a volatile anesthetic. 

Anesthetic Considerations. Rapid sequence intravenous induc- 
tion of general anesthesia under cricoid pressure, utilizing succinyl- 
choline and a reduced dose of ketamine or thiopental is required as 
soon as it may safely be accomplished. Of course, adequate basic mon- 
itoring, venous access, and examination of the patient are necessary 
prerequisites. The most common volatile agent used is halothane ad- 
ministered through the endotracheal tube in order to relax the lower 
uterine segment and permit reduction by steady pressure on the fun- 
dus from below. Although “deep halothane” anesthesia is the usual 
request, an already hypovolemic patient may be very sensitive to the 
cardiopressant effect of halothane; therefore, an initial attempt at uter- 
ine reduction prior to initiating the volatile agent should be encour- 
aged. Often the uterus may be replaced without the addition of hal- 
othane or other volatile agents. If reduction is not quickly 
accomplished, the addition of 1 to 2.5% halothane is warranted ac- 
cording to patient tolerance and obstetric success. Once the fundus 
has been reduced, sustained uterine contraction is necessary to main- 
tain the reduction. The halothane is turned off, and pulmonary ex- 
cretion is enhanced by mild hyperventilation. Oxytocin is added to 
the intravenous infusion (20 to 40 U per L) and intramuscular ergo- 
novine, methyl ergonovine, or 15-methy] prostaglandin Fa alpha may 
be required to achieve satisfactory uterine tone. A neuromuscular 
blocking drug and perhaps a narcotic are added to facilitate tolerance 
of the endotracheal tube while volume resuscitation is effected. Once 
the patient is clinically stable, mechanical ventilation is discontinued 
and the patient is extubated. Enflurane and isoflurane are probably 
equally useful as uterine relaxants in this circumstance, but extensive 
clinical experience is lacking; isoflurane may have some advantage 
in producing rapidly reversible uterine relaxation because it is the 
least soluble of the three. 
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Lacerations of the Birth Canal 


Obstetric Considerations. The most common obstetric interven- 
tion, routinely undertaken following every delivery, is a through ex- 
amination of the perineum, vagina, and cervix. This is followed by 
repair of any significant lacerations or tears, usually under local in- 
filtration anesthesia with verbal reassurance as needed. However, if 
the laceration is extensive, or if the patient or the obstetrician displays 
unusual anxiety, intervention by the anesthesiologist may be appro- 
priate. 

Anesthetic Considerations. If visualization and repair of minor 
lacerations of the birth canal are the only interventions necessary, the 
hazards and inconvenience of initiating either general anesthesia or 
major regional block argue against their routine use. Repair of exten- 
sive lacerations of the cervix or perineum and drainage of paravaginal 
hematoma, in which the exquisite discomfort may prevent examina- 
tion or even positioning for repair, are often best accomplished with 
low spinal anesthesia (Tio to Ss). General anesthesia may be indicated 
for the rare patient whose loss of self-control creates a danger for her- 
self or others. 

A well-functioning epidural catheter previously placed for labor 
analgesia may be reinjected if analgesia is insufficient for examination 
and repair. Reinjection may extend the sympathectomy; additional 
intravenous fluid may be required if blood loss has been significant. 

Conscious sedation is also appropriate for many patients. As with 
general anesthesia, the drugs administered should be matched to the 
specific needs of the individual patient. The patient who reacts to the 
stress of the situation by overt expression of anxiety, or by exaggerated 
withdrawal responses to trivial stimuli, will benefit from the admin- 
istration of sedative-hypnotic drugs. These include thiopental in small 
doses (1 mg per kg) ketamine (0.2 to 0.4 mg per kg), or midazolam (1 
to 2 mg), repeated as necessary. Droperidol should only be added to 
these agents with great caution, if at all, because of its potential for 
enhancing the patient’s fear even while diminishing her expression 
of it. If the patient’s primary problem is an appropriate response to 
painful stimuli, the administration of analgesic drugs is indicated. 
Fentanyl, titrated to comfort in 0.5 to 1.0 wg per kg boluses, is well 
suited to this purpose because of its rapid onset, relatively brief du- 
ration of action, and absence of adverse cardiovascular effects. 


Uterine Exploration and Curettage 


Obstetric Considerations. If inspection of the birth canal does not 
reveal an extrauterine source of bleeding, the obstetrician’s next step 
is bimanual examination of the uterus and exploration of the uterine 
cavity. Retained products of conception are detected and removed by 
systematic exploration of the endometrium, either by a large blunt 
(“banjo”) curet or by a gauze sponge wrapped around the obstetri- 
cian’s gloved second and third digits (“gauze curettage”). The uterine 
cavity is sounded, adherent placenta or fetal membranes are sheared 
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away, and the uterus is emptied of blood, clot, and placental residua. 
The evacuated uterus is stimulated by bimanual massage and oxytocin 
infusion to produce mechanical hemostasis. Continued deep palpation 
and massage may be necessary over the ensuing hours to ensure that 
the fundus remains tonically contracted. 

Anesthetic Considerations. Uterine curettage is usually accom- 
plished in 5 minutes or less, so that it represents a very brief but 
intense stimulus. It may sometimes be successfully performed im- 
mediately after delivery without anesthesia (although not without dis- 
comfort). The anesthesiologist may be consulted after this has been 
unsuccessfully attempted. The ideal anesthetic technique would 
allow rapid induction, adequate analgesia, and swift recovery, while 
exposing the patient to no additional risks. In practice, clinical judge- 
ment is required to balance the goals of perfect analgesia, amnesia for 
the operation but not for the whole birthing experience, and avoiding 
the risks of aspiration and sympathectomy-induced hypotension. The 
anesthetic options are similar to those employed for lacerations of the 
birth canal. 

If an epidural block was used for labor and delivery, provision of 
a level extending from Tyo to Ss will allow uterine exploration and 
curettage. The patient may be aware of vaginal pressure, and she 
should be so forewarned, but this is seldom troublesome. If the block 
has worn off, reinjection of the catheter with 10 mL of 1.5 to 2% li- 
docaine or 3% chloroprocaine in a semi-sitting position will rapidly 
re-establish analgesia; an additional liter of intravenous Ringer’s lac- 
tate will prevent hypotension in the normovolemic patient. Hypoten- 
sion despite this volume preload indicates that the patient’s blood 
volume deficit has been underestimated. The addition of 3 to 4 mg of 
preservative-free morphine or 100 wg fentanyl to the epidural space 
is very useful to provide prolonged post-procedural analgesia to per- 
mit ongoing uterine palpation and massage. 

Spinal anesthesia may rapidly be induced for uterine curettage. 
The rapid onset of sympathectomy may also unmask unsuspected hy- 
povolemia, particularly if the block extends above Tio; prophylactic 
volume loading and prompt treatment of hypotension are indicated. 
A small dose of hyperbaric lidocaine (30 to 60 mg), procaine (50 to 
100 mg), or bupivacaine (6 to 7.5 mg) with appropriate positioning 
will provide a modified saddle block, extending from Tio to Ss. Al- 
though the short latency and duration of procaine are ideally suited 
to this procedure, the drug is seldom used in modern practice. The 
choice of spinal anesthesia does expose the parturient to the risk of 
post—lumbar-puncture headache, which is an important consideration 
for such a short procedure. 

Even ifthe uterus has beer. stimulated to contract, the postpartum 
cervix will usually admit the obstetrician’s fingers or curet if adequate 
analgesia is provided. Rarely, general anesthesia with uterine relax- 
ation is required. In this rare case, rapid sequence induction and en- 
dotracheal intubation are indicated to protect the unconscious pa- 
tient’s airway. Halothane is cautiously administered via the 
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endotracheal tube. Other agents have been used for uterine relaxation, 
including inhaled amyl nitrite and intravenous terbutaline and nitro- 
glycerin. There would seem to be little advantage to these over the 
use of an inhaled vapor familiar in its effects to every anesthesiologist. 
Halothane, or its alternatives, enflurane and isoflurane, has the ad- 
vantage of titratability, reliability, and predictability. 

Conscious sedation may be used to provide swift induction of 
analgesia and amnesia without unconsciousness and its attendant haz- 
ards. In the patient with an uncertain volume status, it provides min- 
imal physiologic disturbance. Midazolam, 1 to 2 mg intravenously, 
provides a baseline of sedation and amnesia. Alternatives are keta- 
mine, in 0.2 mg per kg increments or alfentanil in 5 to 10 pg per kg 
increments. Two or more of these may be added together with extreme 
caution because it is easy to cross the boundary between conscious 
sedation and general anesthesia with an unprotected airway. Supple- 
mental oxygen is required with these adjuncts, because they produce 
transient respiratory depression. Nitrous oxide 20 to 60% may be 
added for additional analgesia and sedation, but it must be carefully 
titrated to maintain patient response to verbal stimuli. 

Ketamine is the mainstay of conscious sedation, because a small 
dose will reliably and briefly provide analgesia and amnesia without 
significant depression of protective airway reflexes or of respiratory 
or cardiovascular function. However, it must be appreciated that the 
onset is not immediate (1 to 3 minutes) and that purposeless vocali- 
zation and movement in response to stimulation is common. It is better 
to accept these untidy responses, as long as operating conditions are 
adequate, than to progressively increase the dose in pursuit of im- 
mobility. Higher doses prolong recovery and increase the incidence 
of disturbing hallucinations. Midazolam premedication and verbal re- 
assurance, including answering the characteristic repetitive ques- 
tions, smooth the emergence from ketamine analgesia. A theoretical 
concern has been raised'! that ketamine may raise uterine tone and 
thereby make introduction of the curet difficult. This problem is 
rarely, if ever, realized in practice as this effect is dose dependent and 
insignificant at doses of less than 2 mg per kg. 


Atony and Persistent Bleeding 


Obstetric Considerations. Atony is a diagnosis of exclusion, jus- 
tifiable only when the uterus is known to be empty and extrauterine 
sources of bleeding have been ruled out. Hormonal stimulation with 
oxytocin, 40 to 200 mU per minute, is adequate to produce tetanic 
contraction in the normal uterus. This is commonly administered by 
adding 20 U per L to the patient’s intravenous fluid immediately fol- 
lowing delivery. 

In the patient with persistent atony, replacement of blood volume 
may require rapid intravenous fluid administration. If that fluid con- 
tains 20 U per L oxytocin, then at high infusion rates one may produce 
a profound vasodilator effect due to the high dose of oxytocin. Under 
this circumstance, hypotension may worsen rather than improve. 
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Therefore, in this circumstance, either the oxytocin infusion should 
be “piggy-backed” into the volume line, or the concentration of ox- 
ytocin should be reduced to 5 U per L in each container of intravenous 
solution to be rapidly infused. 

Atony may persist despite oxytocin administration, particularly in 
the situations of prolonged labor, stimulated labor, uterine overdis- 
tension, grand multiparity, and sepsis. Recently, 15-methyl prosta- 
glandin Fə alpha (ProstinI5M) has proved to be a valuable agent to 
stimulate the refractory myometrium.” ® 12? Although it may be ad- 
ministered intramuscularly in a dose of 250 wg, intramyometrial ad- 
ministration is popular. Nausea is a common side effect, but bron- 
choconstriction and systemic or pulmonary vasoconstriction are 
possible, and significant arterial desaturation has been reported, albeit 
transient.” 

Ergonovine or methylergonovine, 0.2 mg intramuscular, stimulate 
smooth muscle contraction generally, including myometrium. Cata- 
strophic hypertension is possible if either is administered in the pres- 
ence of pre-existent hypertension or large doses of vasopressors, or if 
this dose is given as an intravenous bolus. Although the ergot deriv- 
atives are still given by tradition, the uterine-stimulating effect of the 
more modern prostaglandin seems to be more specific and efficacious. 
These pharmacologic therapies may be augmented by uterine mas- 
sage. Bimanual compression of the uterine arteries may also decrease 
the rate of bleeding while volume resuscitation catches up to the blood 
loss. Packing the uterus with warm saline gauze is a technique men- 
tioned in textbooks of obstetrics but seldom if ever practiced today. 

If bleeding persists after prostaglandin stimulation, refractory 
atony, abnormal placentation, or a tear in the corpus uteri is likely to 
be responsible. Surgical management is the next obstetric step, except 
in centers where radiographically guided selective arterial emboli- 
zation may be carried out. If the patient desires to remain fertile, the 
goal of operation is to interrupt the major blood supply to the uterus, 
preserving uterine viability by means of the myriad pelvic anasto- 
moses but reducing the perfusion pressure enough to produce stasis, 
platelet aggregation, and clotting at the bleeding sites. This may be 
accomplished by embolization or surgical ligation of the uterine or 
hypogastric arteries. Uterine artery ligation is easily performed but 
less often successful; hypogastric artery ligation is difficult surgery in 
a gravid pelvis, and it usually entails considerable additional blood 
loss. If fertility is not a high priority, or if the patient is already in 
extremis, hysterectomy is the most expeditious way to achieve he- 
mostasis. Supracervical hysterectomy is the easier procedure in the 
highly vascular gravid pelvis, but total hysterectomy may be necessary 
if the placental implantation is low. Placenta percreta, an exceedingly 
rare condition in which the trophoblast has invaded adjacent pelvic 
structures, may require unusual measures. 

Anesthetic Considerations. If persistent atony or abnormal pla- 
centation is present at cesarean section, the diagnosis is obvious, and 
definitive surgery may be carried out without delay. On the other 
hand, after vaginal delivery, the decision to operate is often delayed 
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until the patient is severely hypovolemic. If the anesthesiologist is 
consulted early, appropriate monitoring and volume resuscitation may 
be instituted, so that the decision to operate may be based on the 
intractability of the bleeding rather than on a previously healthy pa- 
tient’s deteriorating condition. If the patient is volume replete at the 
time of induction, regional anesthesia has a limited role in this situ- 
ation, although its successful use has been reported.” Impaired ven- 
tilation, inadequate analgesia, and patient discomfort during regional 
block may distract the anesthesiologist from essential resuscitative 
tasks. 

A general anesthetic technique should be tailored to rapidly con- 
trol the airway and allow resuscitation. Additional venous access 
should be secured prior to induction, if necessary, by a central route. 
Central venous and systemic arterial pressure monitoring may be ex- 
ceedingly valuable, but these should not delay definitive therapy. Suc- 
cinylcholine and ketamine (0.5 to 1 mg per kg) may be supplemented 
at induction with fentanyl analgesia, with muscle relaxation main- 
tained by pancuronium or vecuronium. The volatile anesthetics are 
best avoided initially because they may aggravate uterine atony even 
in low concentrations; amnesia is attainable in the parturient with 60% 
nitrous oxide supplemented by narcotic, and the unstable patient may 
not even tolerate nitrous oxide. More important than the particular 
choice of drugs for anesthesia is ongoing communication with the op- 
erating surgeon and proper fluid resuscitation. 

Transfusion will probably be necessary, certainly so if the surgeon 
makes heroic attempts to preserve fertility. If massive transfusion is 
necessary, several secondary complications may occur. Dilutional co- 
agulopathy may become evident as the volume transfused exceeds 
one blood volume. Citrate intoxication may result from binding of 
ionized calcium during rapid transfusion, particularly if fresh frozen 
plasma plus packed cells are provided as a substitute for whole blood. 
Although this is usually a transient phenomenon, it may lead to im- 
paired contractility in both myocardium and myometrium. Hypother- 
mia and its associated complications may occur if rapidly infused 
blood and blood products are not warmed. Invasive hemodynamic 
monitoring, that is, central venous line or pulmonary artery catheter 
and arterial catheter, is most useful in the context of massive trans- 
fusion. When hemostasis is finally achieved, it often occurs abruptly; 
continued rapid transfusion may easily lead from hypovolemia to fluid 
overlead and pulmonary edema. If a prolonged period of hypoper- 
fusion and shock has preceded surgical control of bleeding, multiple 
organ injury may occur, including damage to lungs (adult respiratory 
distress syndrome), kidneys (acute tubular necrosis), the immune sys- 
tem (sepsis), or, peculiar to pregnant women, posterior pituitary (Shee- 
han’s syndrome). The intraoperative and postoperative prevention 
and management of these complications requires not only monitoring 
but also a comprehensive approach to the care of the patient. Post- 
operative care may better be carried out in an intensive care unit than 
in the obstetric suite. 
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Near the end of operation, the anesthesiologist and obstetrician 
must consider what physiologic monitoring and support will be re- 
quired in the postoperative period. Even if postpartum hemorrhage 
has been promptly and appropriately treated, it represents a signifi- 
cant physiologic stress to the parturient; the full effects of this stress 
may not be immediately apparent. At a minimum, nursing care in the 
postoperative period should include recording of vital signs at fre- 
quent intervals until stable, hourly urine output; serial determinations 
of hemoglobin, hematocrit, electrolytes, and arterial oxygen satura- 
tion; and a low patient-to-nurse staffing ratio. If the patient is not yet 
physiologically stable at the end of operation, the anesthesiologist 
must decide whether to continue ventilatory support and invasive he- 
modynamic monitoring in the operating room, intensive care unit, 
or obstetric suite depending on the nursing capabilities available. 


Selective Arterial Embolization 


Obstetric Considerations. In institutions where there are angiog- 
raphers with the requisite skill and experience, selective pelvic artery 
embolization may be considered a first-line and preferable treatment 
for refractory hemorrhage, particularly when preservation of fertility 
is a high priority.> * Embolization may allow a more selective oblit- 
eration of the bleeding source while preserving the viability of the 
uterus and adjacent pelvic structures. A surgical operation is avoided, 
and damage to the ureters, bladder, and rectum is less likely. 

Initial evaluation and resuscitation is appropriately carried out in 
the operating room. If hemorrhage persists despite nonsurgical mea- 
sures and the patient is stable, medical consultation with the angiog- 
rapher is arranged. The patient is transferred to the angiography suite, 
and diagnostic angiography is performed. The primary feeding artery 
is selectively cannulated, and thrombogenic material is injected to 
embolize to the bleeding site. Surgical gelatin sponge, autologous 
blood clot, and a variety of mechanical devices have been used to 
create occlusion. 

Anesthetic Considerations. Femoral artery catheterization may be 
carried out under local anesthesia; however, conscious sedation may 
make the procedure less unpleasant for all concerned. Midazolam, 1 
to 2 mg, is usually sufficient, and this may be given routinely by the 
angiographer. However, the patient with postpartum hemorrhage may 
require the care of an anesthesiologist in the angiography suite for 
hemodynamic monitoring and resuscitation. Diagnostic angiography 
and selective cannulation may require considerable time, during 
which the hemorrhage continues. Adequate renal blood flow and di- 
uresis must be maintained to avoid the nephrotoxic effects of the ra- 
diographic contrast medium. 

Maintaining adequate delivery of blood products in a location 
outside the operating area may require additional support personnel 
beyond those who staff the angiography suite. Invasive hemodynamic 
monitoring in such an unusual location may also require advance plan- 
ning. 
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Postpartum hemorrhage results from trauma to the birth canal, or 
from a failure of the mechanical occlusion of the spiral arterioles nor- 
mally eftected by the contracting myometrium. The anesthesiologist 
must be prepared to provide massive transfusion if necessary, as well 
as analgesia and anesthesia for examination of the birth canal, explo- 
ration and curettage of the uterus, surgical or angiographic occlusion 
of the hypogastric arteries, or hysterectomy. Communication between 
anesthesiologist and obstetrician is essential; depending on the ob- 
stetric intervention, uterine relaxation by anesthetic vapors may be 
absolutely necessary or contraindicated. 
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Postcesarean Section Pain 
Prevention and Relief 


Joanna Brown Sullivan, MD* 


Unlike most surgical patients, many parturients express the desire 
to be awake and alert during and after childbirth. This healthy group 
of patients usually requests the minimum amount of medication dur- 
ing labor, delivery, and during the postoperative period, seeking to 
avoid maternal and infant side effects. The recovery should be com- 
patible with the initial newborn bonding and frequent feeding. Com- 
fort is important to enable meaningful interaction with family mem- 
bers since there is often a steady stream of well wishers after the 
delivery. With traditional postcesarean section pain management, the 
goals of comfort without sedation and avoidance of maternal and neo- 
natal adverse effects are frequently not attained. 

Postoperative analgesia is currently the most dynamic and inves- 
tigated topic in obstetric anesthesia. Women experiencing the pain of 
childbirth are among the primary benefactors of recent discoveries 
and clinical contributions. Responding to vocal patient preferences, 
new comfortable obstetric units boast home-like settings and offer 24- 
hour-a-day anesthesia care. The role of the obstetric anesthesiologist 
has been enhanced to include providing safe and satisfying postop- 
erative pain relief to the parturient. Among newer choices for provid- 
ing analgesia are intraspinal opiates during labor, surgical delivery, 
and the postoperative period. In addition, patient-controlled analgesia 
(PCA) devices deliver bedside, individualized doses of postoperative 
pain relief. These new techniques are not without side effects and 
risks. 


ORIGIN OF OBSTETRIC PAIN 


Peripheral Pain Pathways 


The activation of sensory structures that detect ongoing tissue 
injury and transmit pain information to the cortex is termed nocicep- 
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tion. The injury-sensitive nerve endings are called nociceptors. These 
receptors are activated by any noxious mechanical, thermal, or chem- 
ical stimulus. Nociceptors are organ dependent as to the type of me- 
chanical stimulation that is transmitted, with a range of frequency 
response and duration that is relatively specific for the type of pain. 
Surgical incision of the skin will be acknowledged by the pain re- 
ceptors. Stretching of the skin will not be perceived as pain in contrast 
to the marked activation of nociceptors with distention of abdominal 
and pelvic viscera. The portion of the sensory afferent nerve fibers 
that transmit injury impulses are the A-delta and the C fibers. The 
rapid transmission of pain signals involves the A-delta fibers. These 
thinly myelinated sensory afferent fibers require a very strong stim- 
ulus, one that is clearly damaging to the tissue. This rapid injury cur- 
rent results in very specific localization of the injury origin. The 
slower-conducting unmyelinated C fibers is the constant, aching qual- 
ity of pain, poorly localized to the source. 

The afferent nerve fibers from the uterus and cervix are somatic 
sensory fibers that travel with the sympathetic nervous supply of the 
uterus and enter the spinal cord through the 10th, 11th, and 12th tho- 
racic nerves. These fibers transmit the pain of the first stage of labor, 
the contractions of the uterus, and dilation of the cervix. These afferent 
fibers pass through the paracervical tissue along the uterine artery and 
then through the inferior, middle, and superior hypogastric plexuses 
to the sympathetic chain. Impulses arriving from the vagina, vulva, 
and perineum initiated during the second stage of labor travel a dif- 
ferent pathway. Sensory innervation during vaginal delivery is trans- 
mitted through the pudendal nerve, which enters the CNS via the 
second, third, and fourth sacral nerves. Following cesarean section, 
the lower abdominal skin incisional area sends cutaneous pain im- 
eis along the lower lumbar sensory afferent fibers to the spinal 
cord. 


Central Pain Pathways 


Upon entering the CNS, these nociceptive impulses undergo a 
modulation process in the posterior horn of the spinal cord. The main 
nociceptive input to the dorsal horn of the spinal cord is of cutaneous 
origin. Approximately 10% is visceral. Here in the substantia gelati- 
nosa (laminae I and II) there is a high density of staining for mu-sites, 
kappa-sites, and delta-sites. Thus, the staining pattern coincides with 
the termination areas of the C fibers, which supports a role for opioids 
in “gating” nociception at the spinal cord level.” Wide dynamic re- 
sponse neurons found in the dorsal horn with the neurotransmitters 
released in the substantia gelatinosa modify nociception by infor- 
mation from descending inhibitory pathways or excitatory crosstalk 
amplification. 

After passing through the dorsal horn, the injury signal travels 
upward from laminae I, II, V, and VI, primarily through the neospi- 
nothalamic and paleospinothalamic tracts to the reticular formation in 
the brainstem. Pain perception in the reticular formation is capable 
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of eliciting a systemic catecholinergic pain response, complete with 
tachycardia, increased blood pressure, and hyperventilation. From the 
brain stem, the multisynaptic ascending pathways pass to the poster- 
olateral nucleus of the thalamus, then to the cortex, and results in the 
perception of postoperative pain. 


OPIATES AS ANALGESICS 


Extracted from the poppy, the opium alkaloid was named mor- 
phine after the Greek goddess of sleep, Morphina (or the Greek god 
of dreams, Morpheus), in 1803 by Fredrich Meisner.’ Through the 
years, other compounds possessing the phenanthrene ring as a base 
structure were introduced for clinical use in the United States: hy- 
dromorphone, 1926; meperidine, 1938; fentanyl, 1968; sufentanil, 
1984; and alfentanil, 1987. These compounds all yield a dose-depen- 
dent blunting of the response to painful stimulation, respiratory 
depression, and intestinal transit delay. These opioid drugs act on 
stereospecific and saturable receptors in the CNS and other tissues: 
central periaquaductal grey and spinal cord dorsal column substantia 
gelatinosa producing analgesia; solitary nucleus resulting in depres- 
sion of cough reflex; chemoreceptor trigger zone eliciting nausea and 
vomiting; medullary respiratory center causing respiratory depres- 
sion; peripheral and central neurogenic promoting urinary retention; 
and peripheral smooth muscle contributing to delayed intestinal 
transit. 

Opiates have been the mainstay of postoperative pain manage- 
ment, traditionally administered intramuscularly on an as-needed 
basis. After absorption, blood concentrations of opiate must be above 
the minimum effective analgesic concentration to achieve pain relief. 
Unfortunately, there is no effective way of estimating the individual 
daily analgesic need. Due to a large amount of interpatient variability 
in the minimum effective analgesic concentration and a relatively 
small difference in concentration resulting in adequate analgesia ver- 
sus moderate pain, many patients experience postoperative pain.?” +6 

In 1988, two separate meritorious studies? 24 compared various 
analgesic strategies for postcesarean pain relief. The control groups 
in both studies received the conventional as-needed intramuscular 
morphine or meperidine, typical of most postoperative pain manage- 
ment plans. In each study, patients were randomly assigned to one 
group (intramuscular versus PCA versus intraspinal morphine), and 
pain assessments were made for 24 hours following cesarean section. 
In Harrison’s study,” 94% of the patients receiving conventional in- 
tramuscular analgesia reported moderate to severe pain throughout 
the observation period. In Eisenach’s study,!° feelings of pain or dis- 
comfort were reported significantly more frequently in the group re- 
ceiving traditional intramuscular opiates. Clearly, the routine admin- 
istration of intramuscular opiates does not provide satisfactory 
analgesia following surgical delivery. 
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Table 1. Probable Subclassification of Opioid Receptors and Respective 





Agonists/Antagonists 
RECEPTOR AGONIST ANTAGONIST 
mu Morphine, fentanyl sufentanil, Naloxone, 
Analgesia, miosis, respiratory alfentanil methadone, B-FNA 
depression hydromorphone, meperidine, 
DAGO, buprenorphine 
delta DPDPE, DSLET Naloxone 
Analgesia? 
kappa Butorphanol, nalbuphine, Naloxone 
Sedation, analgesia, no binaltorphimine, 
respiratory depression bremazocine, spiradoline 
epsilon B-endorphin Naloxone 
sigma PCP — 
Excitatory symptoms: SKF-10047 
hypertonia, tachycardia, 
tachypnea 


Abbreviations: DAGO, D-Ala2-MePhe-Glyol-enkephalin; DPDPE, D-Pen2-D- 
Pen5-enkephalin; DSLET, D-Ser2-Leu5-enkephalin-Thr6; PCP, phencyclidine; SKF- 
10047, N-allylnoreyclazocine. 

Adapted from Yaksh TL, Al-Rodhan NRF, Jensen TS: Sites of action of opiates in 
production of analgesia. In Fields HL (ed): Progress in Brain Research. New York, 
Elsevier, 1988. 


INTRASPINAL OPIATES 


In 1975, the discovery of enkephalins by Hughes, and endorphins 
by Pert and Snyder, initiated the opioid receptor theory and study of 
pain mechanisms. In 1976 Yaksh and Rudy” reported the presence 
of these opioid receptors in the spinal cord and demonstrated that 
intrathecal administration of morphine produced dose-related pain 
relief in rats. This suggestion that intraspinal opiates could control 
pain was soon followed by the first clinical report of intrathecal opioids 
providing pain control in cancer patients.°? Recently, the isolation of 
receptor subclasses and identification of their selective physiologic 
action has provided insight into the action of several drugs.** These 
distinct subclasses of opioid receptors have significant relevance to 
clinical utilization (Table 1). 

Within a relatively short time, the technique of injecting opioid 
drugs into the epidural and intrathecal space has become well estab- 
lished in the management of acute postoperative pain, including 
postcesarean section pain. Since its introduction in 1979, this anal- 
gesic technique has grown in popularity and acceptance. Within the 
last 10 years, spinally administered opiates have become part of the 
innovative armamentarium available to the anesthesiologist caring for 
the parturient. The use of intraspinal opiates continues to increase. 
In a 1988 survey by Knapp and Writer?” of the Society for Obstetric 
Anesthesia (SOAP) members, 77% of those responding were using 
epidural opiates to treat postoperative pain. The most common so- 
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lutions were either epidural morphine, 4 to 5 mg or fentanyl, 50 to 
100 ug, or both, approximately 8:5 in favor of epidural morphine. 
Reports on optimal dose, prevention and treatment of side effects, safe 
monitoring of risks, and acknowledged limitations of this technique 
appear monthly in anesthesiology and obstetric journals. Clearly, 
women experiencing childbirth are the benefactors of this abundant 
interest and research activity. 

Opiates injected into either the epidural or intrathecal space pro- 
vide pain relief after cesarean section and lower-extremity, abdominal, 
and thoracic surgery.* 1° 42 45 49 Analgesia produced by epidural and 
intrathecal administration of opioids is different from and superior to 
analgesia achieved by the routine as-needed administration of nar- 
cotics.1) 19 24, 30, 47 Epidural morphine provides superior analgesia 
with clinically inconsequential increase in side effects when com- 
pared with patient-controlled intravenous morphine.*° This superior 
antinociception effect can be achieved without affecting motor, sym- 
pathetic or proprioceptive pathways. The benefits of intraspinal opiate 
administration after various surgeries are well documented. For the 
woman experiencing surgical childbirth, the combination of intrathe- 
cal morphine and local anesthesia provide both excellent intraoper- 
ative anesthesia and postoperative analgesia. Similarly, epidural op- 
iates administered after the delivery provide long-lasting and 
satisfactory analgesia after cesarean section. 


Intraspinal Opiates for Control of Postcesarean Section Pain 


Intraspinal opiates have emerged as the “gold standard” for pro- 
viding optimal postoperative analgesia. Efficacy and safety have been 
shown for use of epidural morphine for post-surgical pain management 
after peripheral vascular and orthopedic procedures in well-done 
dose-response studies.* In addition, epidural and intrathecal place- 
ment of opioids is highly effective in alleviating pain following ce- 
sarean section, with an acceptable incidence of side effects. The pain 
relief provided by intraspinal opiates is exceptionally better than tra- 
ditional intramuscular morphine administered as needed, 1> 7* 30 and 
significantly better than PCA.’* ** Obstetric patients receiving intra- 
spinal opiates require fewer supplemental opiates.*? 48 They voice 
greater satisfaction with epidural and intrathecal analgesia when com- 
pared with routine intramuscular pain control.** 24 

In this group of young and generally healthy patients with infre- 
quent morbidity and mortality, efforts to improve patient outcome are 
difficult to evaluate. Earlier sitting, standing, and ambulation occur 
in patients receiving intraspinal analgesia. *™ 4 There is earlier return 
of bowel function,*! with shorter interval from operative delivery to 
tolerating sips of water. There may be a decreased incidence of post- 
spinal headaches in patients receiving intrathecal morphine.*° A 
group from the University of Washington*® reported significantly 
shorter hospital stays for the cesarean section patients given intrathec- 
al morphine. Even in the low-risk cesarean population, there may 
be a more rapid recovery or decreased morbidity resulting in shorter 
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hospital stays and reduced financial expenditure for the patients. In 
several ways, comfort and satisfaction with the birthing experience 
can be improved with intraspinal opiates. Ackerman et al? report de- 
creased nausea and vomiting during uterine eventration. Nausea or 
emesis or both can occur in awake patients undergoing cesarean sec- 
tion during uterine manipulation and eventration despite adequate 
sensory levels and normal blood pressures. Epidural fentanyl admin- 
istered immediately after delivery has been shown to decrease this 
noxious response. The reason is unknown, but may be related to po- 
tentiation of bupivacaine by the epidural opioids.? Following com- 
pletion of the surgical delivery, epidural and intrathecal opiates do 
not interfere with initiation and completion of maternal-infant bond- 
ing. 

Regional anesthesia combined with intraspinal opiates for post- 
operative analgesia has been shown to decrease morbidity in high- 
risk surgical patients.*) #” 56 Intraspinal opiates during labor and de- 
livery have been effective in some groups of high-risk obstetric pa- 
tients, improving maternal and infant outcome. Epidural opiates help 
restore postoperative respiratory function, preserving the FVC and 
FEV1 when compared with intravenous analgesia following thoracic 
surgery.*” Obese patients hospitalized for a gastric bypass operation 
had reduced incidence of pulmonary complications, earlier return of 
bowel function, earlier ambulation, less deep venous thrombosis, and 
shorter hospital stays.*4 These desired results can also be achieved 
with intermittent injections of intrathecal opiates or continuous in- 
fusions of epidural morphine.** 7% 43 


Epidural Opiates for Postcesarean Analgesia 


The optimal dose of preservative-free morphine for providing safe 
and effective analgesia following cesarean section appears to be in 
the 4- to 5-mg range. Most patients will receive 16 hours*® to 24 hours*® 
of satisfactory analgesia, often receiving no additional opiate supple- 
ments. The transition to oral analgesic medication usually follows eas- 
ily. Rosen et al“ demonstrated that a 2-mg dose of epidural morphine 
was ineffective in controlling postcesarean section pain. On the other 
hand, doses of 7.5 mg and greater have not been found to provide 
better analgesia and have been associated with a higher incidence of 
bothersome side effects. 

Morphine is probably the most common opiate administered to 
the epidural space to establish post-surgical delivery analgesia. Other 
opiates, with characteristic time to onset and duration of action, are 
also successful in providing analgesia. Fentanyl has been used both 
as a single dose and as a continuous infusion to attain postcesarean 
analgesia. It has been demonstrated that 50 wg of epidural fentanyl 
after cesarean section provides analgesia beginning in about 7 minutes 
and lasting approximately 5 hours.” Epidural fentanyl appears to have 
a somewhat lower incidence of bothersome pruritus when compared 
with epidural morphine.** Pruritus has been attributed to the cephalad 
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Table 2. Molecular Weight, pKa, and Lipid Solubility for Various Opiates 


OCTANOL-WATER 
MOLECULAR PARTITION 
OPIATE WEIGHT pKa COEFFICIENT* 
Morphine 285 7.9 1.4 
Meperidine 247 8.5 39 
Alfentanil 417 6.5 89 
Methadone 309 9.3 116 
Fentanyl 336 8.4 816 
Sufentanil 386 8.0 1727 


* Adapted from Hug Jr CC: Pharmacokinetics of new synthetic narcotic analgesics. 
In Estafanous FG (ed): Opioids in Anesthesia. Boston, Butterworth, 1984. 


spread of hydrophilic morphine," and occurs less frequently with the 
lipophilic opiates. 

Sufentanil at doses ranging from 30 to 60 wg provides analgesia 
within 15 minutes following dosing, yet lasts only 4 to 5.5 hours, re- 
spectively.** This short duration of action of relatively large doses of 
sufentanil may be due to rapid uptake of this agent by adjacent tissues, 
particularly the surrounding vasculature. Despite the higher lipid sol- 
ubility, Rosen and his group* did not find a lower incidence of side 
effects when compared with epidural morphine 5.0 mg, with the ex- 
ception of pruritus, which had 17% incidence with epidural sufentanil 
versus 50% with epidural morphine. 

Epidural hydromorphone may be preferable to other opiates, ex- 
cluding morphine, in providing effective analgesia after cesarean de- 
livery because it has a longer duration of action than epidural meth- 
adone, meperidine, fentanyl, and sufentanil. Hydromorphone 
(Dilaudid) 1.0 mg and 1.5 mg given in the epidural space provided 
between 13 to 19 hours of postcesarean analgesia® °> 46 and epidural 
hydromorphone with epinephrine hastened the onset of postcesarean 
analgesia and increased the duration of analgesia to 24 hours.4% In 
addition, the readily available commercial preparation Dilaudid is 
preservative-free, eliminating the need for a specially formulated 
preparation for epidural use. Meperidine is another opiate that is safe 
and effective when used as epidural analgesia. Epidural meperidine 
50 mg produces better pain relief than epidural placebo or intramus- 
cular meperidine 100 mg, yet has the same duration of action as the 
intramuscular injection, lasting 2.5 to 3.0 hours.” The physicochemical 
characteristics of these drugs are summarized in Table 2. 

Single-dose administration of epidural or intrathecal analgesia is 
frequently adequate in mitigating the postoperative pain of a cesarean 
section. For pain control incurred after various other surgeries, studies 
have reported the success and safety of intermittent and repeated doses 
of epidural opiate analgesics.*” *° In addition, continuous epidural 
opioid infusions have been used with greater convenience and ap- 
parent similar safety after many operations.2® 4 The caudal route is 
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a successful alternative to the usual choice of lumbar epidural place- 
ment. In patients with a reason to avoid lumbar placement of epidural 
catheter, caudal administration with manipulation of the opiate dose 
and volume will result in good postoperative analgesia. Patients with 
a previous laminectomy, thoracolumbar rodding procedure, severe 
scoliosis, or a lumbar cutaneous lesion may present a problem for a 
successful placement of a lumbar epidural catheter. Total pain relief 
can be attained for post-thoracotomy pain by administration of mor- 
phine through a catheter placed in the caudal epidural space. A some- 
what higher dose (10 mg) diluted to a higher volume (diluted in 10 
to 20 mL of preservative-free normal saline) is needed to provide sat- 
isfactory pain control.” 


Intrathecal Opiates for Postcesarean Pain Relief 


The intrathecal route of administration of morphine circumvents 
ditfusion barriers encountered with epidural dosing, hence a consid- 
erably lower dose is required to produce the same degree of analgesia. 
The effective and safe dose is much lower than initially used. Early 
studies of intraspinal narcotic administration suggested that the risk 
of delayed respiratory depression was greater after intrathecal mor- 
phine than after epidural morphine administration. These studies 
were conducted with intrathecal morphine doses ranging from 0.5 to 
20 mg. Consequently, many obstetric anesthesiologists have been re- 
luctant to give intrathecal morphine combined with local anesthesia 
at the time of cesarean section. Yet more recent data suggest that the 
dosages of intrathecal morphine given in earlier studies may have 
represented a relative overdose and that this route of administration 
for providing obstetric analgesia is viable. . 

Intrathecal administration of small doses of morphine provides 
excellent analgesia after cesarean section with minor side effects and 
with no depressant effects on ventilatory responses to CO2. Ina recent 
study by Abboud et al,! both doses of 0.1 and 0.25 mg resulted in 
excellent postoperative analgesia with long duration (18.6 + 0.9 and 
27.7 + 4.0 hours, respectively) without significant side effects. Pru- 
ritus was mild and did not require treatment. Ventilatory responses 
to CO showed no evidence of depression attributable to either the 
0.25 or 0.1 mg intrathecal morphine. Significant depression of the COzg 
responses was observed in the placebo group patients after admin- 
istration of 8.0 mg subcutaneous morphine. All neonates were vig- 
orous at 5 minutes, and there was no significant difference between 
the incidence of low l-minute Apgar scores among the three groups. 
Urinary retention was not evaluated as all patients required routine 
indwelling Foley catheters following cesarean section. Vomiting was 
significantly more common in the group receiving 0.25 mg intrathecal 
morphine than those receiving 0.1 mg (27 versus 0%). This incidence 
of vomiting is similar to a 12% rate of occurrence reported with 0.2 
mg intrathecal morphine. 

In 1988, Chadwick and Ready’ described how both intrathecal 
doses of 0.3 and 0.5 mg successfully ameliorated postcesarean pain. 
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They did add that doses greater than 0.3 mg may not be truly necessary 
for adequate analgesia. They postulated that there may be a ceiling 
effect for quality of analgesia in the approximate dose range of 0.25 
to 0.3 mg, with minimal reduction in the duration of analgesia. The 
low end of efficacious intrathecal morphine dose is important in light 
of the fact that intrathecal opiates are associated with a higher inci- 
dence of respiratory depression than epidural morphine, though doses 
greater than 0.5 mg were used when ventilatory depression was ob- 
served. Hence, the recent reports of low-dose intrathecal morphine, 
0.2 to 0.3 mg, usually combined with 0.75% bupivacaine anesthesia, 
document the satisfactory analgesia following cesarean section, com- 
plete with minimal side effects and no reported incidences of signif- 
icant respiratory depression. 


SIDE EFFECTS OF INTRASPINAL OPIATES 


Cephalad spread of spinal opioids has been associated with the 
occurrence of side effects such as pruritus, nausea, and respiratory 
depression.44 Morphine injected into the lumbar epidural area 
crosses several diffusion barriers and ascends in the subarachnoid 
space. Due to its hydrophilic nature, morphine penetrates into the 
cerebrospinal fluid (CSF) to such an extent that the concentrations in 
the lumbar CSF far exceed the corresponding plasma concentration. 
Within the lumbar CSF, morphine is transported to the fourth and 
lateral ventricles in a time-dependent fashion. Since the intrathecal 
route of administration deposits the morphine directly into the CSF, 
considerably lower doses are necessary to produce the same degree 
of analgesia. The CSF levels of morphine after intrathecal adminis- 
tration of 0.25 to 0.5 mg are still higher than those seen after epidural 
administration of a tenfold larger dose.**4 


Respiratory Depression 


Respiratory depression after both intrathecal and epidural mor- 
phine may be immediate or delayed. Immediate depression from ep- 
idural dosing is caused by the rapid systemic absorption of morphine, 
with the concentration-time profiles closely resembling those ob- 
tained after intramuscular or intravenous dosing.” This early respi- 
ratory depression occurs within 10 to 15 minutes, corresponding to 
the time to peak plasma concentration, is easily diagnosed, and there- 
fore is easily managed. The delayed respiratory depression that may 
not develop until 4 to 8 hours later proves to be a more serious con- 
dition, especially if monitoring of the patient is inadequate. In baboon 
studies, the maximal concentrations of tritium-labeled morphine were 
detected in the medulla oblongata 6 hours after injection in the lumbar 
area. This time corresponded to the occurrence of maximal ventilatory 
depression in these animals.”! Delayed respiratory depression may 
be caused as a result of the affinity of morphine for binding sites, 
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possibly opiate receptors, situated within the vital respiratory and car- 
diovascular neuronal complexes of the medulla.”? 

Estimates of the incidence of respiratory depression following 
epidural morphine have been placed at 0.09 to 0.4%.?* 28. 38, 49 AJ] 
agree that patients receiving intraspinal opiates should be monitored 
for 24 hours. Some advocate hourly observation and documentation 
of respiratory rate over a 24-hour period. Respiratory rate alone may 
not be sufficient to detect respiratory depression because it is known 
to be an unreliable indicator of depression in healthy volunteers. Oth- 
ers recommend documentation of hourly sedation evaluation and scor- 
ing, as ease of arousal may be a more accurate indicator of impending 
respiratory depression. The scoring of a sedation scale is presented: 
1, wide awake; 2, drowsy; 3, sleeping; 4, difficult to arouse; and 5, 
does not awaken when aroused. 

Epidural alfentanil and sufentanil can cause immediate respira- 
tory depression similar to parenterally induced respiratory depression. 
This immediate effect on respiration is secondary to rapid systemic 
absorption of these lipophilic drugs, with results appearing similar to 
intravascular injection.*° The potential delayed respiratory depression 
is due to the rostral spread of the drug. 


Nausea 


Systemic opioids administered by the intramuscular or intrave- 
nous route to treat postoperative pain can stimulate the chemoreceptor 
trigger zone (CTZ) of the medulla, producing nausea and vomiting. 
This central emetic effect is also the presumed mechanism of action 
of intraspinal opiates. Nausea is a commonly reported side effect with 
an incidence of 29% following low-dose intrathecal morphine” to 60% 
following epidural morphine.'! Vomiting during the recovery period 
after a cesarean section is in the range of 12%? to 27%! following low- 
dose intrathecal morphine. 

Movement and assuming an upright position boost the likelihood 
of nausea, suggesting a significant additional vestibular component to 
the central stimulation. Drugs that are useful in reducing motion sick- 
ness are helpful in reducing systemic opiate-induced emesis. Sco- 
polamine, in a transdermal matrix, has been shown to be highly ef- 
fective in the prevention of motion sickness.*” For the optimal effect, 
transdermal scopolamine should be applied 4 hours before the antie- 
metic effect is required. The patch should be placed on the mastoid 
process, as it is an effective absorption site. The transdermal scopo- 
lamine matrix is designed to release scopolamine at a rate of 5 wg per 
hour over a 3-day period. A recent study found that prophylactic trans- 
dermal scopolamine reduces nausea in patients receiving epidural 
morphine analgesia after gynecologic surgery.” The efficacy of plac- 
ing a transdermal scopolamine patch prior to surgical delivery in an 
effort to prevent postpartum nausea and vomiting is currently being 
evaluated. 
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Pruritus 


Pruritus is a common side effect, and its incidence is greatly de- 
pendent on the method of detection. It is generally agreed that most 
patients admit to some degree of pruritus with bothersome itching, 
requiring treatment in 25 to 40% of patients. Treatment of pruritus 
after intraspinal opiates usually involves antihistamines and naloxone. 
Antihistamines are largely ineffective and can cause sedation.'! Nal- 
oxone is very effective in reducing pruritus, yet is limited by its short 
duration of action.” Its action may acutely reverse analgesia as well.” 

Nalbuphine, a narcotic agonist/antagonist effectively reverses the 
pruritus caused by intraspinal morphine® and fentanyl.‘* The onset 
of the relief is evident in 15 minutes, which is somewhat longer than 
with systemic naloxone, yet the duration of action and relief is sig- 
nificantly longer.‘ Small doses of nalbuphine, 2.5 to 10 mg, injected 
subcutaneously or intravenously, can provide mild additional anal- 
gesia without contributing to respiratory depression. In fact, Doran et 
al” reported that a bolus followed by an infusion of nalbuphine re- 
duced respiratory depression and significantly decreased the elevated 
ae resulting from a large dose (0.15 mg per kg) of epidural mor- 
phine. 


Herpes Simplex Virus Labialis 


Recurrent herpes simplex virus labialis has been reported to occur 
in patients who have received epidural morphine following cesarean 
section.’* 2° The mechanism of reactivation of the virus is unknown, 
yet may be related to mechanical irritation from rubbing and scratch- 
ing the skin in response to pruritus. 


PATIENT-CONTROLLED ANALGESIA 


Although the majority of cesarean sections are performed with 
regional anesthesia in this country, approximately 40% are carried out 
with general anesthesia. For the woman emerging from a general an- 
esthetic for her cesarean section, self-administered parenteral opiates 
will aid in her comfort and recovery. PCA is associated with good-to- 
excellent pain control and high patient acceptance when used for the 
treatment of postoperative pain.’ For the surgical patient, the efficacy 
and safety of this intravenous technique has been well established for 
the commonly used opioid analgesics morphine and meperidine.” 
This technique has the advantage of allowing for interpatient vari- 
ability in analgesic requirements, while minimizing the delay be- 
tween the perception of pain and its relief. Intravenous PCA will 
allow the parturient to self-administer small doses of analgesic med- 
ications as necessary to control postoperative pain. 

PCA use does require patient participation. Patients acknowledge 
and favor an increased sense of control over their care, eliminating 
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the need to negotiate with others for pain medication and relief. An- 
algesia by PCA allows the parturient to time medication in order to 
avoid sedation while breast feeding, during interaction with visitors, 
and with ambulation. Given this control, the patient can balance com- 
fort with the degree of side effects that she is willing to tolerate. In 
addition, the perception of control can decrease the level of anxiety 
and further enhance satisfaction with the hospital childbearing ex- 
perience. 

This technique does require the use of an additional medical de- 
vice. The use of these expensive machines requires comprehensive 
nursing education and instructional maintenance to avoid uninten- 
tional misprogramming, possibly producing narcotic overdose. The 
machines are bulky and must accompany patients when ambulating. 
Intravenous access for drug delivery is a necessity. Thorough patient 
instruction and reinforcement is important to ensure satisfactory par- 
ticipation and analgesia. 

Two enlightening studies compare epidural morphine versus 
intravenous PCA morphine versus intramuscular morphine following 
cesarean section. Both show that epidural morphine provides the best 
pain relief with the least amount of drug. Both epidural and PCA 
morphine provided better pain relief than the traditional intramus- 
cular postoperative analgesia administered as needed. Although the 
patients who received epidural morphine had the best analgesia, pa- 
tients who received PCA morphine found it at least as acceptable and 
perhaps even preferable to epidural morphine. The expressed satis- 
faction and enthusiasm for PCA analgesia may be related to the im- 
mediate accessibility of analgesia and the ability to control side effects. 

In this study, Eisenach et al?® reported two major drawbacks to 
epidural morphine compared with PCA. First, a bolus of epidural mor- 
phine (5 mg of preservative-free morphine in 10 mL of preservative- 
free normal saline) given after delivery of the infant, does not last 24 
hours in all patients. By 12 hours, 40% of the patients require systemic 
opiate medication. Second, epidural morphine produces a high inci- 
dence of bothersome side effects for the parturient. With epidural 
morphine, there is a 42% incidence of treatable pruritus and 30% in- 
cidence of vomiting, compared with 7% and 5%, respectively, with 
PCA. Despite less complete analgesia, the group of parturients using 
the PCA were at least as satisfied, it not more satisfied than those 
patients who received epidural morphine (Table 3). 
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SUMMARY 


In this young and healthy group of patients, exceptional changes 
have occurred to improve overall maternal and infant outcome. Yet 
there is still room to improve individual analgesia following cesarean 
section, improve the satisfaction with the child-bearing experience, 
and augment the resumption of normal activity. Many recent advances 
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Table 3. Comparison of Analgesia for Cesarean Section 


Analgesia Epidural > PCA > IM 
Sedation PCA = Epidural > IM 
Pruritus Epidural > PCA = IM 
Nausea Epidural > PCA = IM 
Satisfaction PCA = Epidural > IM 


Adapted from Chestnut DH: What is new in obstetric anesthesia. International 
Anesthesia Research Society. Review Course Lectures, 1989. 


in pain management directly benefit the parturient during labor, dur- 
ing delivery, and after her cesarean section. 

For pain relief during labor, when compared with local anesthetic 
alone, patients receiving both local anesthetics and low-dose opiates 
report a more rapid onset of analgesia, more profound analgesia, longer 
duration of analgesia, and less motor blockade compared with tradi- 
tional local anesthetic alone. During and following cesarean section, 
intraspinal opiates, both epidural and intrathecal, provide superior 
analgesia with tolerable side effects. PCA devices reliably produce 
sustained pain control with fewer bothersome side effects and are at 
least equally satisfactory to patients compared with epidural analgesia. 
In the future, intravenous PCA may deliver improved labor analgesia 
with insignificant fetal effects accompanied with improved maternal 
satisfaction. Epidural PCA may receive wider application in the fu- 
ture, both for labor and postoperative analgesia. 

New drugs are currently under development. Ongoing investi- 
gative efforts aim to anatomically target the action of the drug to spe- 
cific opiate receptors when administered into the intrathecal and ep- 
idural space. The future strives to achieve an intraspinal drug with 
strong analgesic action without production of neonatal effects, mater- 
nal respiratory depression, somnolence, nausea, or tolerance. 
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Recovery Room and Postoperative 
Complications of Cesarean Section 


Richard B. Clark, MD,* and Frank C. Miller, MDt 


In the recent past, much progress has been made in the design 
and staffing of postpartum recovery rooms.** As the practice of ob- 
stetrics changes, new demands are being placed on the recovery room 
and its personnel. The traditional postpartum recovery room had as 
its primary function the close observation of the patient during re- 
covery from anesthesia and the detection of postpartum hemorrhage. 
Surgical patients were seldom cared for in the traditional postpartum 
recovery area, because cesarean sections were usually performed in 
the surgical suite. Post-cesarean section patients were managed in the 
anesthesia recovery room, which was staffed by recovery room nurses 
under the primary supervision of the anesthesiologist. The shift to 
performing cesarean sections in the labor and delivery suite neces- 
sitated a change in labor and delivery recovery rooms. Currently, post- 
partum recovery rooms should be staffed and equipped in the same 
fashion as acute anesthesia and operative recovery rooms. Such units 
must be provided with all currently available bedside monitoring 
equipment as well as life support systems. Nursing personnel must 
be trained for this intensive care function with special instruction in 
the hemodynamic adjustments and other physiologic processes pe- 
culiar to post-cesarean section patients. Supervision of the postpartum 
recovery room has traditionally been the function of the obstetric staff. 
As this function has expanded and become more complicated and 
sophisticated, many hospitals have gone to an obstetric anesthesia 
team concept to supervise and manage patients. This new approach 
offers the patient the safest atmosphere in which to recover and sig- 
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nificantly reduces the incidence and severity of postoperative com- 
plications. 


MONITORING EQUIPMENT IN THE RECOVERY ROOM 


Recovery rooms must be provided with basic equipment for mon- 
itoring vital signs. At the very least, blood pressure, pulse, respiration, 
and temperature must be followed. All patients should have ECG and 
blood pressure monitoring during delivery if they are receiving major 
anesthetics (epidural, spinal, or general); monitoring should be con- 
tinued during the recovery period. Pulse oximetry has recently be- 
come widely available and is to be recommended, particularly for 
patients recovering from sedation or general anesthesia. In special 
cases, an arterial line, central venous pressure catheter, and a Swan- 
Ganz catheter may be utilized. 


NURSE TRAINING 


Nurses trained to deal with sophisticated monitoring, as well as 
the usual recovery room expertise in airway management, prevention 
of aspiration, and arterial hypotension, in addition to the traditional 
obstetric complications of uterine atony, postpartum hemorrhage, and 
bladder maintenance, are needed. As this may be expecting too much 
of one nurse, obstetric nurses may be rotated through the main op- 
erating room recovery room to gain these post-anesthetic skills. In our 
hospital if sophisticated monitoring such as that provided by indwell- 
ing arterial catheters, pulmonary artery catheter, and so forth, are 
deemed necessary, the patient is transferred to an intensive care unit 
where the intensive care nurse deals with these aspects, while an 
obstetric nurse cares for the obstetric problems. The converse may 
also be desirable, that is, an intensive care nurse could assist in care 
in the obstetric suite. 


COMPLICATIONS IN THE RECOVERY ROOM 


Regional Anesthesia 


Hypotension. Anesthesia complications may arise from the use of 
regional (spinal, epidural) or general anesthesia. The use of spinal or 
epidural anesthesia results in significant blockade of the sympathetic 
nervous system, which can produce systemic vasodilation and arterial 
hypotension. This usually occurs in the operating room but may be 
seen in the recovery room as well. Because it is difficult to distinguish 
from arterial hypotension produced by blood loss, both must be kept 
in mind. If there has been significant unreplaced blood loss, blood 
transfusion may be indicated. Measurement of hematocrit and urinary 
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output are helpful in assessing volume status. If the anesthetic alone 
is thought to be responsible, Trendelenburg’s position and a fluid 
challenge of crystalloid are used and oxygen is given. In the face of 
a normal blood volume, a vasopressor is administered to maintain 
blood pressure until sympathetic tone returns. Useful vasopressors are 
ephedrine (50 mg IM or 15 mg IV) or dopamine (5 to 10 wg per kg 
per minute IV). | 

Neurologic Deficits. Neurologic deficits are fortunately quite rare 
but occasionally present in the recovery room. Failure of a regional 
anesthetic to wear off has been reported in the past but is virtually 
unheard of today. This might have been a type of transverse myelitis 
due to contaminants of the spinal or epidural needles or drug.® There 
have been a few case reports of accidental injection of chloroprocaine 
into the subarachnoid space, resulting in neurologic impairment. At 
this institution, we have seen one case of the cauda equina syndrome 
(loss of bowel and bladder sphincters, perineal anesthesia), which 
occurred in a male patient. This followed an uncomplicated spinal 
anesthetic, and to our knowledge, never resolved. 

Epidural abscess and epidural hematoma are quite rare in the ob- 
stetric population. The former would be characterized by back pain, 
fever, and evolving neurologic signs (weakness of the lower extrem- 
ities).> Most epidural abscesses result from endogenous spread, rather 
than by contamination by spinal or caudal injection.” Treatment is by 
antibiotic administration and surgical drainage. Epidural hematomas 
are characterized by pain in the back or legs or progressive weakness 
of the legs.> Modern imaging techniques can assist in making a rapid 
diagnosis. Urgent laminectomy should be performed if there are any 
clinical or radiologic signs of spinal cord compression.” Epidural he- 
matoma may occur spontaneously but is more likely to occur in con- 
junction with major regional anesthesia if the patient is anticoagulated. 

Neurologic deficits in the recovery room may also have resulted 
from surgical trauma, improper positioning of the patient during sur- 
gery, retractors, or pressure on the lumbosacral plexus by the fetal 

ead. 

This last complication (“obstetric paralysis”) occurs in approxi- 
mately 1:2500 deliveries and may be confused with or attributed to a 
lesion produced by regional anesthesia. The neurologic symptoms, 
which appear 24 to 48 hours after delivery, are usually limited to the 
distribution of the common peroneal nerve, the obturator nerve, or 
both, and vary from paresthesia to complete anesthesia, and from pa- 
resis to the total paralysis of the respective muscles. Usually complete 
recovery occurs after a length of time, which may last up to 6 
months.* 

Apnea Due to Epidural or Intrathecal Narcotics. The epidural 
and subarachnoid administration of a narcotic, such as morphine, has 
recently become quite popular for postoperative pain relief. Postop- 
erative analgesia is usually excellent for up to 24 hours, allowing for 
early ambulation. There is a slight chance of a delayed onset of res- 
piratory depression or apnea with this technique. This has been re- 
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ported in obstetric patients.2* Vital signs, particularly respiration, 
should be monitored frequently during this period. In addition to de- 
termining respiratory rate at hourly intervals for 24 hours, an apnea 
monitor may also be considered. Utilization of a sedation score is ex- 
tremely useful for identifying patients at risk for respiratory depres- 
sion. 


General Anesthesia 


Soft-Tissue Obstruction. General anesthesia can be associated 
with a variety of complications, many of which are seen in the recovery 
room. If the patient is still unconscious when brought to recovery, 
there may be soft-tissue obstruction, particularly if the tongue falls 
against the posterior pharynx, producing upper-airway obstruction. 
Unconscious patients should be kept on their side to reduce the 
chance of soft-tissue obstruction. This also reduces the chance of as- 
piration should vomiting or regurgitation occur. Post-cesarean section 
patients should virtually never be unconscious in the recovery room 
unless an endotracheal tube is in place. 

Pregnant patients are known to have congestion of the nasophar- 
ynx, larynx, trachea, and bronchi. This predisposes to nose bleed dur- 
ing nasotracheal intubation and to a reduction in airway diameter. A 
pregnant patient usually requires an endotracheal tube of smaller di- 
ameter than is used for the nonpregnant patient, that is, a 7.0-mm 
outside diameter versus 8.0-mm tube. The hyperemia usually present 
in the airway is exaggerated in the preeclamptic patient and is asso- 
ciated with edema of the nasal passages, pharynx, larynx, trachea, and 
bronchi. Post-extubation airway obstruction due to laryngeal edema 
may occur. Pharyngolaryngeal edema without airway obstruction can 
also be a presenting symptom in preeclampsia. The airway must be 
kept open, by oropharyngeal airway, endotracheal tube, or tracheot- 
omy, depending on each specific case. 

Hypoventilation. Alveolar hypoventilation with resultant hypox- 
emia is common in the recovery room, because many drugs producing 
respiratory depression are employed during both general and regional 
anesthesia. Oxygen by nasal cannula or mask has been given routinely 
in the surgical recovery room and should be used in the obstetric 
recovery room as well. Narcotics, benzodiazepines, and muscle re- 
laxants are among the drugs most likely to cause problems. Even 
though the newer narcotics (fentanyl, sufentany!) have a short duration 
of action, they can produce hypoventilation. If inadequate respiration 
is suspected, respiratory rate, tidal volume, and vital capacity can be 
measured. Pulse oximetry is a quick and noninvasive means of de- 
tecting hypoxia before it is clinically significant and should be used 
for virtually all patients in the recovery room. Arterial blood gases may 
also be checked. If the patient has received narcotics, either in large 
quantities or near the end of surgery, naloxone or nalbuphine can be 
given intravenously by careful titration. One must keep in mind that 
naloxone has a short duration of action and the narcotic effect may 
outlast the narcotic antagonist, so the dose may have to be repeated. 
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The effect of muscle relaxants such as pancuronium, curare, and 
even succinylcholine may persist into the recovery room. Tidal vol- 
ume and minute volume give an idea of respiratory adequacy, but 
inspiratory force, the head lift determination (at least 5 seconds), and 
the use of a nerve stimulator are more diagnostic. If residual block is 
revealed by the nerve stimulator, reversal with neostigmine and gly- 
copyrrolate or edrophonium and atropine may cure the problem. If the 
block is too profound and reversal is inadequate, re-intubation and 
maintenance on a ventilator can support the patient until the neuro- 
muscular block has dissipated. Magnesium sulfate will potentiate both 
depolarizing and nondepolarizing neuromuscular blocking drugs. 
This may be difficult to reverse, although calcium chloride may help. 
Although rare in the recovery room, high spinal or epidural anesthesia 
(sensory level T4 or higher) can cause hypoventilation. This may be 
augmented by sedatives or narcotics administered intraoperatively. 
Treatment depends on the degree of respiratory embarrassment. 
Minor hypoventilation can be treated with an oxygen mask. If there 
is evidence of significant hypoventilation, respiration may need to be 
assisted and an endotracheal tube may need to be inserted. 

Aspiration. The aspiration of gastric contents has been a major 
concern of obstetric anesthesiologists for many years. Aspiration may 
not be recognized in the operating room and become manifest in the 
recovery room. It also may occur in the recovery room. Patients may 
aspirate particulate gastric contents or acidic gastric secretions. Be- 
cause the acidity of the aspirated gastric contents influences the se- 
verity of aspiration-pneumonitis, ingestion of an oral antacid (sodium 
citrate) prior to general anesthesia for obstetric procedures is indi- 
cated. The use of cimetidine, ranitidine, and metoclopramide is cur- 
rently being evaluated. 

If pulmonary aspiration does occur, the patient is placed in Tren- 
delenburg’s position, and the mouth, pharynx, and trachea are suc- 
tioned. If the aspirate from the trachea has a pH of less than 2.5 and 
a volume of 25 mL or greater an intense pulmonary reaction is inev- 
itable because this is the critical pH for the development of this form 
of respiratory distress syndrome. It is not unusual to have to intubate 
the patient’s trachea and institute mechanical ventilation. When a 
chest roentgenogram is taken, the superior segment of the right lower 
lobe is most likely to be involved if the patient was supine.® Therapy 
includes judicious use of IV fluids, bronchodilators for bronchospasm, 
and mechanical ventilation. Antibiotics should be used only if there 
is infection. Steroid therapy remains controversial but is probably of 
limited or no value. 

Mechanical ventilation with positive end-expiratory pressure is 
the most important aspect of the treatment. Early institution affects 
mortality more than any other step.’ Mechanical support of ventilation 
is employed if the patient has a POg of less than 70 mm Hg on 40% 
Os, an alveolar-arterial oxygen difference of greater than 140 on 40% 
0z, or a shunt greater than 15%; it may be used prophylactically if the 
gastric contents are acidic (pH less than 2.5) or acid secretions have 
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been aspirated from the bronchial tree.® Positive pressure ventilation 
is administered with 5 to 10 cm H20 positive end-expiratory pressure 
(PEEP). Intermittent manditory ventilation is usually employed. Man- 
agement is then directed by blood gas data. PEEP is adjusted to keep 
the alveolar arterial oxygen difference on 40% Og less than 140 mm, 
or shunt less than 15%. 


POSTPARTUM COMPLICATIONS 


Pulmonary 


Aspiration. Although anesthetic problems would be expected to 
manifest themselves in the intraoperative period or in the recovery 
piai aspiration pneumonitis may be first detected in the postpartum 
period. 

Atelectasis. Atelectasis is caused by shallow breathing, secretions, 
and hypoventilation from narcotics. It can result in hypoxemia, hy- 
percarbia, and fever. Mild atelectasis may not be apparent on a chest 
roentgenogram but can result in hypoxemia. It may also be profound 
enough to cause lobar collapse or even collapse ofa whole lung, with 
mediastinal shift. A vigorous “stir-up” regimen in the postoperative 
period is the best prevention and treatment. Atelectasis is the most 
common cause of apparent right-to-left shunt and hypoxemia in the 
post-anesthetic period.”® 

Embolus. The pregnant patient is at increased risk for deep vein 
thrombosis and pulmonary thromboembolism because of the hyper- 
coaguable state during gestation and vena caval obstruction. Pulmo- 
nary thromboembolism in the postpartum period can result in severe 
respiratory distress because the alveoli are ventilated but not per- 
fused, resulting in hypoxemia and either hypercarbia or hypocarbia 
if there is hyperventilation. Treatment is usually directed at main- 
taining oxygenation and preventing further thrombus by hepariniza- 
tion. Pulmonary embolus from dislodgement of clots usually occurs 
after discharge from the recovery room, but may occur intraoperatively 
or in the recovery period. It is usually diagnosed by the clinical picture 
of chest pain, tachypnea, dyspnea, and tachycardia as well as labo- 
ratory examination (arterial blood gases show hypoxemia and hypo- 
carbia, ventilation-perfusion scans and pulmonary angiography dem- 
onstrate the obstruction in the pulmonary circulation. 

Amniotic fluid embolism usually occurs during labor or at the time 
of delivery, but may manifest itself some time post delivery. Dyspnea, 
cyanosis, cardiovascular collapse, coma, coagulopathy, and occasion- 
ally, pulmonary edema, are seen. The treatment is strictly supportive. 
Prompt and aggressive intervention has reduced the mortality rate 
of this serious complication. 

An air embolus occurs when air enters the venous system, and is 
occasionally seen during cesarean section or gynecologic surgery in 
Trendelenburg’s position when the operative site is higher than the 
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heart. This can be identified by Doppler ultrasonic methods (most 
sensitive), a decrease in the end tidal COglevel, or the appearance of 
a mill wheel murmur over the precordium. This last method is the 
least sensitive and occurs just before cardiovascular collapse. The 
preferable treatment is aspiration of the air from the vascular tree, but 
if this is impossible the field is flooded with sterile saline, the point 
of entry is closed, and the patient placed in the head-down, right-side- 
up position. Oxygen is administered. Support of the circulation by 
cardiopulmonary resuscitation or vasopressors may be necessary. 


Neurologic 


Spinal Headache. Probably the most common neurologic com- 
plication related to anesthesia in the postpartum period is the post— 
dural-puncture headache. This headache is the result of cerebrospinal 
fluid leakage and is caused by in sagging of the brain and pain-sen- 
sitive structures (blood vessels, tentorium), producing the headache.® 
It is thus a low pressure headache. The incidence is related to the 
needle size, gender, and age, and can range from 0.2% with a 25-gauge 
puncture to greater than 50% with an 18-gauge puncture.* Our inci- 
dence for obstetric patients with a 22-gauge needle is 11%. The in- 
cidence is lowest in males over 60 years of age and highest in obstetric 
patients. It is not known whether this propensity for post-puncture 
headache is due to the pregnant state or to the fact that the patient is 
a young female. 

The main diagnostic criterion of spinal headache is its postural 
nature. Symptoms are exacerbated by the upright position and re- 
lieved when recumbent. The location of the cephalgia may vary (fron- 
tal, occipital, parietal) and is nondiagnostic.® The headache usually 
becomes apparent 1 to 5 days after the lumbar puncture and charac- 
teristically persists for 3 to 5 days or longer. Rarely, it lasts for 
months.!* Bedrest after a dural puncture does not reduce the inci- 
dence of spinal headache, so early ambulation is not contraindicated.?° 

The treatment of post-spinal headache is mainly directed toward 
returning the cerebrospinal fluid pressure to normal. Fluids (3000 mL 
per day by mouth or intravenously) are administered.?” Bedrest and 
analgesics (for example, aspirin, codeine) reduce the patient’s suffer- 
ing until the headache is gone. An abdominal binder has been rec- 
ommended to obstruct the inferior vena cava and raise cerebrospinal 
fluid pressure.”’ If these are ineffective, caffeine and sodium benzoate 
(500 mg) may be given intravenously.*®*? If the headache persists, 
the dose may be repeated in 8 hours. Supposedly, cerebral blood ves- 
sels are dilated with spinal headache, and the caffeine constricts them. 
We have had a success rate of about 50% with this therapy.® Others 
have found it more efficacious.” 

The definitive treatment of post—dural-puncture headache is the 
restoration of cerebrospinal fluid pressure by the installation of a fluid 
into the epidural space, which compresses the dura. Several inves- 
tigators have reported the use of saline. Craft et al?! found that two 
60-mL injections of normal saline into the epidural space after un- 
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intended dural puncture reduced the headache rate from 76.5 to 
12.5%. A more lasting result is obtained with the epidural blood patch; 
here the headache is not only cured immediately, but does not usually 
recur due to the sealing of the dural hole by the blood clot. First 
described by Gormley”° and popularized by DiGiovanni,” this tech- 
nique has been universally acclaimed.*° Our success rate is about 95%. 
What of administering an epidural blood patch before the headache 
appears? The work of Loeser et al” would indicate prophylactic blood 
patching would be fruitless; if administered within 24 hours of punc- 
ture, they found that the success rate for treatment of headache was 
only 29% (10 mL autologous blood). Palahniuk et al ° when faced 
with an unintentional dural puncture repeated the epidural at another 
interspace, inserted an epidural catheter, and proceeded with the an- 
esthetic. Before removing the epidural catheter, 10 mg of autologous 
blood were injected. Their results were poor. However, more recent 
investigators’* using larger volumes of blood through the epidural 
catheter are achieving better results. Perhaps prophylactic adminis- 
tration of blood will be effective if larger volumes are used. 

Infection. Bacterial meningitis is extremely rare after spinal anes- 
thesia. It should not occur if adequate precautions are taken. An ex- 
ception might be meningitis from transient bacteremia, unrelated to 
the anesthesia. 


POSTOPERATIVE COMPLICATIONS 


Of all post-cesarean section complications, infection is by far the 
most common. The Obstetrical Statistical Cooperative’? reported 
puerperal complications following cesarean birth in order of fre- 
quency. The three most common complications were endometritis, 
pyelonephritis, and wound infection. These were followed by urinary 
tract injury and infection, respiratory complications, hemorrhage, and 
post-anesthesia complications. More recently, Nielsen and Hokegard?® 
of Sweden reported their experience with cesarean section in more 
than 1300 cases (Table 1). They reported postoperative complications 
as minor or major. Minor complications constituted 11.5% of their 
more than 1300 cesarean sections. Of those, infection made up 98% 
of the complications, with paralytic ileus occurring in 3 of 152 cases. 
Of the major complications, again infection was the most common with 
perimetritis or peritonitis and pneumonia being the most frequent. 
Pelvic abscess or infected hematoma and intra-abdominal hemorrhage 
were the next most common complications. Bladder injury and de- 
layed hemorrhage were reported but far less frequently. 


Infection 


Pelvic infection is the most common puerperal complication fol- 
lowing cesarean section. The incidence of myometritis in these 
women ranges from 5 to 85% and is related to multiple factors.!° Of 
these, the duration of ruptured membranes, duration of labor, number 
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Table 1. Rate and Type of Major Postoperative Complication after 1319 
Cesarean Sections 


COMPLICATION NO. OF PATIENTS 


Reoperation because of intra-abdominal hemorrhage 4 
Reoperation because of pelvic abscess or infected hematoma 8 
Parametritis and peritonitis 2 
Pneumonia 6 
Bladder paresis and urethral catheter > 5 days 2 
Severe paralytic ileus > 5 days 2 
1 
1 
l 
1 
1 
9 


pi 


Thrombosis 
Pneumothorax 
Delayed hemorrhage with shock 
Sepsis 
Hysterectomy caused by bleeding in uterine scar 
Total 39 (3.0%) 


Adapted from Nielsen TF, Hokegard KH: Postoperative cesarean section morbid- 
ity: A prospective study. Am J Obstet Gynecol 146:911, 1983. 


of vaginal examinations, and socioeconomic status are the most fre- 
quently associated risk factors. Nielsen and Hokegard”® reported the 
highest puerperal complication rate in patients with ruptured mem- 
branes lasting greater than 16 hours and the presenting part of the 
fetus at or below the ischial spine. The extent to which obesity, general 
anesthesia, or anemia influence the incidence of pelvic infection re- 
mains unproved. 

Microbiology. Endometritis is most often due to a mixed infection 
with anaerobic and aerobic bacteria in approximately equal propor- 
tions (54% aeorobic, 46% anaerobic).'” An average of 2 to 3 micro- 
organisms will be recovered from endometrial cultures. The most 
common bacteria are the aerobic organisms. Escherichia coli is the 
most common gram-negative and Streptococci is the most common 
gram-positive organism. Anaerobic organisms are recovered more fre- 
quently and have a major role in postpartum infections. The most 
common is the Bacteroides species (gram-negative bacilli). In order 
of frequency they are Bacteroides fragilis, Bacteroides bivius, and 
anaerobic Streptococci. 


Postpartum Endomyometritis 


Diagnosis. The earliest manifestation of pelvic infection is me- 
tritis with pelvic cellulitis, secondary to bacterial invasion of the myo- 
metrium with spread along the tissue planes to lymphatic and venous 
supplies within the broad ligaments. Symptoms include (1) fever, (2) 
uterine tenderness, and (3) purulent or foul lochia. Nonspecific symp- 
toms such as malaise, chills, and tachycardia may also be present. 
Laboratory studies should include (1) complete blood count, (2) uter- 
ine culture and Gram stain genital culture, and (3) two venous blood 
cultures. 

Contamination is a major problem when attempting an endo- 
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metrial culture. Cultures taken from the vagina endocervix may not 
reflect the flora of the endometrial cavity. Blood cultures may be help- 
ful, because approximately 10 to 20% of patients may have bacteremia. 
The presence of bacteria in blood cultures does not necessarily imply 
that the endometritis is a result of the isolated bacteria. Therefore, 
therapy directed solely against these isolates may be inappropriate. 

Therapy. When post-cesarean section myometritis occurs, early 
therapy with intravenous antibiotics is indicated. Because therapy 
should be initiated before culture results have been obtained, the 
initial therapy is empiric. As previously discussed, the number and 
diversity of potential pathogens would dictate that therapy should be 
“broad spectrum.” Since the majority of clinical bacterial infections 
result from anaerobes, the therapeutic regimen should include pen- - 
icillin or a penicillin-like drug. In separate studies, Gibbs et al’® and 
DiZerega et al”? reported cure rates ranging from 65 to 78% with pen- 
icillin plus an aminoglycoside or penicillin plus tetracycline. Failures 
were usually due to resistant organisms, primarily Bacteroides fra- 
gilis. DiZerega and colleagues!’ evaluated the combination of clin- 
damycin and gentamycin in post-cesarean section patients from LAC/ 
USC Medical Center and reported a 95% efficacy rate. Others have 
found similar effectiveness.!’ Since initial therapy for endometritis 
after cesarean section should consist of broad-spectrum antibiotics 
with activity against all the Bacteroides species as well as gram-pos- 
itive and gram-negative aerobes, a combination of clindamycin and 
an aminoglycoside should be the standard therapy. When antibiotic 
therapy fails, one must consider the possibility of wound infection, 
pelvic hematoma or abscess, septic pelvic thrombophlebitis, or a non- 
infectious source. 


Septic Pelvic Thrombophlebitis 


Pelvic vein thrombophlebitis is a relatively rare obstetric com- 
plication. The overall incidence following cesarean section is reported 
to be approximately 1 to 2% in women with post-cesarean endome- 
tritis.'4 The most common organisms associated with septic pelvic 
thrombophlebitis are anaerobic Streptococci, Proteus species, aerobic 
Streptococci, Staphylococci, yeast, and Bacteroides. 

Diagnosis. Since septic pelvic thrombophlebitis is an uncommon 
complication of cesarean section, a high index of suspicion enhances 
the diagnosis. The diagnosis should be suspected in any patient with 
soft-tissue, pelvic infection, and an elevated temperature despite ap- 
propriate antibiotic therapy. The initial physical examination is usu- 
ally consistent with endomyometritis or pelvic cellulitis. Pelvic vein 
thrombophlebitis will present in two distinct fashions. The first is 
acute ovarian vein thrombosis with mild to moderate temperature el- 
evation and lower abdominal pain. This presentation is difficult to 
differentiate from endomyometritis. However, after appropriate an- 
tibiotic therapy, these patients may have persistent fevers with chills 
and localized abdominal pain, subsequent nausea or vomiting, and 
abdominal distention. They may appear acutely ill with rapid pulse, 
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tachycardia, and stridor. The symptoms may be easily confused with 
pulmonary embolism. The frequency of pulmonary embolism as a 
complication of pelvic vein thrombophlebitis makes the diagnosis 
more difficult. On pelvic examination, one may find a rope-like, tender 
abdominal mass in one-half to two-thirds of patients. The mass usually 
originates near the uterine cornua and extends laterally. The second 
presentation, which is less distinct, is sometimes referred to as enig- 
matic fever.!> These patients usually have responded to initial anti- 
biotic therapy for a diagnosis of postoperative endomyometritis, yet 
have recurrent temperature spikes as high as 103 to 104 degrees Fahr- 
enheit. Few of these patients will have palpable masses, and diagnosis 
must be made largely on the basis of clinical history and lack of other 
physical findings. Diagnosis may be aided by use of an intravenous 
pyelogram, which may show distinct concentric narrowing of the prox- 
imal ureter. Other diagnostic modalities of value include venography, 
gallein scan, computed tomographic scan, sonogram, and ventricular- 
perfusion scans. 

Treatment. Therapy for septic pelvic thrombophlebitis includes 
broad spectrum antibiotics and anticoagulation. Initially, intravenous 
heparin is required for at least 7 to 10 days. Surgery is reserved for 
patients who do not respond to this therapy. Surgical procedures that 
have been recommended include bilateral ovarian vein ligation and 
inferior vena cava ligation or unilateral ovarian vein ligation with or 
without inferior vena cava ligation. 


Urinary Tract Infections 


The incidence of urinary tract infections following cesarean sec- 
tion ranges from 1.8 to 16%.1°!" The most common etiologic organism 
for post-cesarean section urinary tract infection is Escherichia coli, 
although other gram-negative organisms are not uncommon. The di- 
agnosis of urinary tract infection following ceasarean section is as- 
sociated with the duration of labor and the difficulty of the delivery. 
Trauma to the bladder is more common when the fetal presenting part 
is well engaged in the pelvis. During the early puerperium, the blad- 
der has a greater capacity and is less sensitive to intravesicular fluid 
tension than in the nonpregnant state. If the urinary catheter is re- 
moved and the patient not encouraged to empty her bladder fre- 
quently, incomplete emptying and residual urine increase the like- 
lihood of urinary tract infection. Regional anesthesia may predispose 
to urinary retention in the noncatheterized patient. 


Hemorrhage 


Postoperative hemorrhage is a well-recognized but relatively in- 
frequent complication of cesarean deliveries. The two most common 
causes of hemorrhage are uterine atony and intra-abdominal bleeding 
due to inadequate surgical hemostatis. Lacerations of the genital tract 
or inadequate surgical hemostasis may lead to profuse vaginal bleed- 
ing, which at times is difficult to differentiate from the blood loss of 
uterine atony. Post-cesarean section uterine atony is related to the 
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same factors as with vaginal birth, that is, prolonged labor, uterine 
distension secondary to hydramnios or multiple gestation, infection, 
and tocolytics such as magnesium sulfate or the beta sympathomi- 
metics. 

Diagnosis. The diagnosis of hemorrhage secondary to uterine 
atony is made from palpation of the uterine fundus, which will be 
enlarged, soft, and boggy. Vaginal examination must be performed to 
rule out cervical or vaginal lacerations. The cervix, lower uterine seg- 
ment, or the uterine incision should be explored, because copious 
bleeding may occur from inadequate hemostasis in the uterine inci- 
sion or from extensions or lacerations in the lower uterine segment. 

Management. Intravenous oxytocin should be supplemented with 
ergonovine maleate or methylergonovine maleate administered intra- 
venously or intramuscularly. 

Uterine atony that does not respond to the usual therapy of in- 
travenous oxytocin or ergotamines may respond to prostaglandin. 
Prostaglandin was first recommended for pharmacologic therapy of 
postpartum uterine atony by Buygdeman et al in 1965.’ Prostaglandin 
Fa analogues may be given intramuscularly or directly into the myo- 
metrium. Recommended intramuscular or intramyometrial doses are 
0.25 mg (one ampule) repeated in 1.5 hours, if necessary.*° 

The prostaglandin Fa analogue [15-(S)-15-methylprostaglandin 
Foa] is reported to be more potent and have longer effectiveness than 
other analogues. The effectiveness of prostaglandins where other ox- 
ytocic agents fail could be attributed to the marked idiotropic action 
or the longer duration of forceful contractions produced by a single 
injection of prostaglandin. Side effects of prostaglandin include head- 
ache, nausea, diarrhea, increased blood pressure, and, in some cases, 
mild temperature elevation. 

Blood and fluid replacement should be begun immediately, since 
the amount of blood loss is almost always greater than is first esti- 
mated. Delay not infrequently results in hypotension, inadequate tis- 
sue perfusion, and shock. Coagulation disorders may also result from 
excessive blood loss. Consumption coagulopathy may be diagnosed 
by (1) clot observation test, which is the failure of blood clot formation 
in a test tube or initial clot and subsequent lysis; (2) a decreased plate- 
let count; (3) decreased fibrinogen; (4) increased fibrin split products; 
(5) prolonged prothrombin time; and (6) prolonged partial thrombo- 
plastin time. Transfusion of whole blood is the first choice in treating 
acute hemorrhage. If whole blood is not available, then packed cells, 
saline, or fresh frozen plasma may be used. Platelets and cryoprecip- 
itate may be necessary to correct a coagulopathy. In cases of massive 
hemorrhage and subsequent disseminated intravascular coagulation, 
fresh whole blood replacement is the most efficient form of replace- 
ment therapy, but is increasingly difficult to obtain. 

The anesthesiologist will occasionally be called upon to provide 
anesthesia for re-operation after cesarean section. General anesthesia 
is most often the choice. If at all possible, the blood volume should 
be restored to normal before induction. Component therapy may be 
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necessary if a clotting defect exists. Several large intravenous catheters 
are desirable as massive transfusion may be necessary. Central venous 
pressure measurement can be a very useful guide to the adequacy of 
transfusion. The patient should be assumed to have a full stomach and 
clear antacids, and Hz antagonists should be administered prior to 
induction of anesthesia. Cricoid pressure and rapid sequence induc- 
tion and intubation should be used. Ketamine or etomidate may be 
preferable to thiopental for induction of anesthesia in the hypovolemic 
patient. A warming blanket should be placed on the operating table 
and the temperature of the patient closely watched. Blood and intra- 
venous fluids should be warmed. 


Urinary Tract Injury 


With the increasing trend away from operative vaginal deliveries, 
surgical bladder injury has become more common in obstetric prac- 
tice. Direct bladder injury during cesarean section occurs most often 
with the dissection of the posterior bladder wall off of the lower uter- 
ine segment. 

Ureteral injury occurs most often when there is some anatomic 
distortion such as cervical myomata or pelvic adhesions or scarring. 
At times when the bladder flap has not been developed, the ureter or 
bladder may be caught in a clamp or suture during repair of the uterine 
incision. 

Unrecognized bladder-ureteral injury is rare. Barclay? reported a 
5% incidence of bladder injury and fistula formation with cesarean 
hysterectomy. 

Urinary leakage in the early puerperium is a common presenting 
symptom. A bladder fistula can be demonstrated by installation of 
methylene blue via a urethral catheter and leakage observed per va- 
gina. In most cases, adequate bladder drainage will allow for spon- 
taneous closure of the fistula. Drainage should be maintained for about 
4 weeks” after the patient is completely dry. 


SUMMARY 


Complications of cesarean section may appear at any time follow- 
ing the initiation of anesthesia. Immediate post-anesthetic compli- 
cations include drug-induced hypoventilation, aspiration pneumoni- 
tis, atelectasis, obstruction of the respiratory tract, neurologic deficits, 
and hypotension. Embolus and hemorrhage may be manifested in the 
recovery room. It is as important to provide expert nursing and phy- 
sician care and equipment in the obstetric recovery room as it is in 
the surgical recovery room; immediate detection of complications is 
vital. Infection is the most common complication of cesarean section 
and is a major problem in approximately 2% of patients. This includes 
endometritis, pyelonephritis, and wound infection. Bacterial infection 
involves both aeorobes and anaerobes. Specific diagnosis is made from 
endometrial, wound, and blood cultures, but therapy is started with 
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broad-spectrum antibiotics pending the results of cultures. Upon di- 
agnosis specific therapy is instituted. Anticoagulation is necessary for 
patients with septic pelvic thrombophlebitis. Patients with urinary 
tract injury or hemorrhage may require re-operation. Those with clot- 
ting oo or hypovolemia should be treated before re-operation, if 
possible. 
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AIDS 


Concerns for the Obstetric Care Provider 


Cathy Jo Cantrell, MD* 


Until recently, obstetricians and women’s health care providers 
have not been greatly concerned about AIDS because they believed 
that it did not impact greatly on their patients. Clearly, with recent 
serologic surveys suggesting there will be more than 26,000 cases of 
AIDS in women by 1991, human immunodeficiency virus (HIV) re- 
lated illness is now a concern of great magnitude for every clinician.*! 

AIDS and HIV infection, more than any other sexually transmitted 
disease, require of the care-giver a fund of knowledge that extends 
beyond medical concerns. It is important for all members of the health 
care team to understand the impact of this infection on the pregnant 
woman and her fetus. Clinicians who render primary and specialized 
obstetric and pediatric care should know how to use and interpret 
various diagnostic tests presently available and learn how to educate 
and counsel women who are infected or at risk. All persons who care 
for seropositive women and infants should familiarize themselves with 
currently recommended management guidelines as well as therapeu- 
tic limitations of this disease. Finally, all who render care to these 
women are obliged to consider the diverse psychosocial, ethical, and 
legal issues implicit in the decisions they make. There are yet un- 
resolved problems related to patient confidentiality, notification of 
sexual partners, patient counseling and education regarding preg- 
nancy risks and pregnancy termination, screening programs, experi- 
mental treatment protocols and, lastly, the protection and rights of 
exposed health care workers. 


HIV INFECTION AND AIDS 


Epidemiology 


AIDS was first reported in the United States in 1981 in homo- 
sexual men. In 1983 it became apparent that the sexual partners of 
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men with AIDS were also at risk for developing the disease and that 
pregnant women could transmit the virus to their fetus.*! Currently, 
2.5 million people are estimated to have been infected with the virus 
in the United States.® It is important to note that AIDS patients make 
up a small minority of the HIV-infected population and that for each 
diseased patient there are probably 30 asymptomatic infected indi- 
viduals. By the end of 1988, women made up only 7% of AIDS patients, 
but recent data indicate that they comprise a greater percentage of all 
HIV-seropositive individuals.” © Thus, by the year 1991, it is likely 
that nearly 10% of all AIDS cases will be women.*? 

AIDS and HIV infection occur primarily among homosexual and 
bisexual men, intravenous (IV) drug abusers and their partners, re- 
cipients of multiple blood transfusions and blood products, and in- 
dividuals from Haiti and Central Africa. More than 50% of the cases 
of AIDS in the United States have been reported from New York City, 
Newark, Miami, San Francisco, and Los Angeles, but virtually all 
major U.S. cities have reported cases. AIDS in children occurs pri- 
marily as a perinatal infection (80%).*° In the majority of these cases, 
the mothers are either IV drug users or the sexual partners of men 
who use IV drugs. The other main risk group for children is made up 
of those who received blood or blood products between 1978 and 1985 
(20%). With the advent of HIV screening of all blood products, the 
risk of transfusion-related AIDS in infants and childen in the United 
States should almost be eliminated. 


Pathophysiology 


In 1984, investigators at the National Institutes for Health isolated 
a retrovirus that they termed the human T-lymphotrophic retrovirus, 
type III (HTLV-II), which has subsequently been redesignated as 
HIV.?” Retroviruses are RNA viruses that contain an enzyme (reverse 
transcriptase) that transcribes DNA from RNA, a process used in the 
replication of these viruses. Although retroviruses infect many animal 
species, only two other retroviruses are known to infect humans. HIV, 
like other human retroviruses, primarily affects the lymphocytes de- 
rived from the thymus (T-lymphocytes), which are responsible for cel- 
lular immunity. The AIDS virus preferentially infects the subset of 
T-lymphocytes known as helper T-lymphocytes, which augment the 
immune response. The subset of T-lymphocytes that suppresses the 
immune response, the suppressor T-lymphycytes, is relatively spared. 
The bone-marrow—derived lymphocytes (B-lymphocytes), which are 
responsible for antibody production, are also relatively spared. 

Laboratory abnormalities characteristic of AIDS include lympho- 
penia, specifically a decrease in the T-helper lymphocytes resulting 
in a reversal in the ratio of T-helper cells to T-suppressor cells. Lym- 
phocyte function is also abnormal. 

Since HIV predominantly, although not exclusively, attacks lym- 
phocytes, the greatest concentration of the virus has been isolated from 
blood, semen, and vaginal secretions. However, it has also been found 
in human milk, spinal fluid, saliva, and tears.3® 42 
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Definition 


The Centers for Disease Control (CDC) revised the case defini- 
tion for AIDS in adults in 1987.17 AIDS patients are those HIV-in- 
fected individuals with one of several specific opportunistic infec- 
tions, neoplasias, dementia, or wasting syndrome. The diagnosis of 
AIDS can be made in the absence of laboratory evidence of infection 
if the individual has no known explanation of immune deficiency and 
has one of a number of indicator diseases (for example, Pneumocystis 
carinii pneumonia). The term ARC (AIDS-related complex) is no 
longer used in CDC classifications. These were patients with HIV 
infection who were symptomatic but did not fulfill AIDS criteria. 

The CDC has developed a classification system based on clinical 
findings present in the patients. t° Patients with group I disease have 
acute infection, group II are asymptomatic carriers, group III have 
lymphadenopathy, and group IV have symptomatic disease and con- 
stitutional symptoms (AIDS). This system is useful in disease report- 
ing and surveillance in public health departments. 

In 1987, the CDC also published a classification system for HIV 
infection in children younger than 13 years of age.!° The surveillance 
definition of infection in infants younger than 15 months of age re- 
quires the presence of virus in blood (or other tissues) or the presence 
of antibody with evidence of both cellular and humoral immune de- 
ficiency and that certain clinical criteria also be present. Thus, infants 
who are seropositive but asymptomatic are classified as having “in- 
determinate infection.” 


Diagnostic Tests 


Tests for IgG antibody for HIV are readily available in most hos- 
pitals. The enzyme-linked immunosorbent assay (ELISA) method is 
used first as a screening test and repeated if positive. If the repeat 
test is also positive, then a confirmatory test such as the Western Blot 
must be performed prior to reporting the result to the patient. False- 
positive results are more likely to occur with the screening ELISA 
method (particularly if the patient is not in a high-risk group for HIV 
infection). Reliable HIV-specific tests for IgM antibody and HIV 
serum antigen have not yet been developed at this time. 

HIV can be isolated from blood, other body fluids, and tissues, 
but this technique is impractical for widespread screening because a 
culture for HIV can take up to 4 weeks to complete. 


Natural History 


In adults, infection begins with exposure to HIV by blood, semen, 
or vaginal secretions (usually through sexual contact). Seroconversion 
develops within 2 to 16 weeks, but this latent period or “window” 
may infrequently be much longer.*” 

After initial infection, some individuals experience a mild viral- 
like or transient febrile illness, subsequently becoming asymptomatic 
for a highly variable length (months to many years). Even though 


192 CATHY Jo CANTRELL 


asymptomatic, most infected individuals will eventually show evi- 
dence of laboratory immune dysfunction, which may herald the onset 
of nonspecific symptoms or conditions (for example, weight loss, fever, 
lymphadenopathy, candidal infections). These disorders usually are 
progressive and precede the development of an indicator disease di- 
agnostic of AIDS (for example, Kaposi's sarcoma, Pneumocystis carinii 
pneumonia). 

The most complete data for progression of this disease has been 
obtained from homosexual and bisexual men.” No such studies are 
available yet in women. Based on this data, however, 20% of HIV- 
infected persons were diagnosed as having AIDS within 5 years of 
seroconversion. By 6 years after infection, 25% of patients have de- 
veloped AIDS. The risk of disease progression may not be the same 
for other risk groups such as hemophiliacs. Because this disease was 
first noted in 1981, longitudinal observations regarding the long-term 
risk of HIV-infected individuals developing AIDS are limited. 

Once the diagnosis of AIDS is made, the prognosis is dismal. The 
cumulative probability of survival has been estimated at 49% at 1 year 
after diagnosis and only 15% after 5 years.°° As of August 31, 1989, 
there were 102,621 reported cases of AIDS in the United States and 
58,447 deaths.® It is anticipated that by 1991 there will be a cumulative 
total of 270,000 cases of AIDS, with 179,000 deaths.*# 


WOMEN INFECTED WITH HUMAN 
IMMUNODEFICIENCY VIRUS 


Overview 


Most women contract HIV by the use of intravenous drugs (51%) 
or sexual relations with IV drug users.” As one might expect, the in- 
cidence of women with AIDS is highest in those communities in 
which IV drug abuse is prevalent. Eighty per cent of the women are 
black or Hispanic, and most of the cases have occurred in New York, 
New Jersey, Florida, and California. However, HIV infection and 
AIDS have been reported from almost all states in the country. Alarm- 
ingly, recent data suggest that heterosexual activity is becoming an 
increasingly important role in transmission of this virus. For women, 
this mode of transmission has increased over the last several years 
from 12 to 28%.” Almost half of HIV-infected women acknowledge no 
risk behavior.”© Screening surveys of U.S. Army recruits indicate a 0.6 
per 1000 frequency of HIV infection in women.’ If this rate is similar 
among child-bearing women, it can be estimated that several thousand 
sea pregnancies presently occur in the United States an- 
nually. 


WOMEN AT RISK FOR HUMAN IMMUNODEFICIENCY 
VIRUS INFECTION 


Obstetric care providers must actively seek out women at risk for 
HIV infection because few women will request testing or voluntarily 
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provide the information about risk behaviors. Types of experiences 
that increase a woman’s chances of being infected with HIV include 
current or prior use of illicit IV drugs, receiving blood transfusions or 
other blood products before 1985, undergoing artificial insemination 
with donor semen (especially if frozen semen is not used), engaging 
in prostitution, and having a history of sexually transmitted ulcerative 
diseases such as herpes simplex infection or syphilis. Other important 
risk groups include women having sexual contact with (1) someone 
who has AIDS or has tested positive for HIV, (2) someone who is at 
risk of infection through sexual practices, and (3) someone who uses 
IV drugs. Women who come from countries where heterosexual trans- 
mission is thought to be the major mode of transmission (for example, 
Haiti and Central Africa) and women from an area of known or sus- 
pected high HIV prevalence (for example, Newark or New York City) 
should also be considered at risk. 

Testing for HIV antibody (after counseling and informed consent) 
should be offered to women in risk groups who are pregnant or con- 
templating pregnancy. If there is no antibody to HIV or clinical evi- 
dence of HIV disease, these women should be offered counseling 
about prevention of infection. To reduce the risk of HIV infection, IV 
drug abusers should be asked to stop using drugs and discouraged 
from sharing needles and syringes. Women should be informed about 
safer sexual practices including the use of condoms and a spermicide 
containing nonoxynol-9. Sexual behavior that can tear or break the 
skin and body tissues should be avoided. Women who continue high- 
risk behavior should have their HIV-antibody test repeated periodi- 
cally during pregnancy to identify seroconversion. They should be 
counseled not to donate blood or organs. Infants of at-risk women 
should be evaluated and watched closely for possible HIV infection. 

Failure to identify women in these risk groups and provide them 
with appropriate counseling and testing for HIV infection may have 
numerous medical as well as legal implications for the health care 
provider. 


HUMAN IMMUNODEFICIENCY VIRUS INFECTION 
DURING PREGNANCY 


Effects of Pregnancy on Human-Immunodeficiency-Virus—Related 
Disease 


Several retrospective studies have raised concerns that pregnancy 
may enhance the progression of HIV-related disease.2® 2% °° These 
uncontrolled studies suggested that 45 to 75% of infected pregnant 
women progress from an asymptomatic state to overt clinical disease 
within 2% years of delivery. This rate is substantially higher than the 
rates generally quoted for HIV-infected homosexuals, IV drug users, 
and adult hemophiliacs. Overall, 10 to 20% of HIV-infected adults 
develop AIDS within 5 years. The women in these studies were iden- 
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tified only after their children developed AIDS and thus may repre- 
sent a subgroup with increased risk of disease progression. The pro- 
gression rate in nonpregnant HIV-infected women is unknown. 
Furthermore, a recent prospective study of HIV-infected pregnant IV 
drug users failed to demonstrate a clearcut acceleration in HIV-disease 
status during pregnancy or the first 28 months of postpartum follow- 
up. 

Recently, in a retrospective study on pregnancy-associated deaths 
due to AIDS in the United States, Koonin et al** reported that the 
mean interval between diagnosis of AIDS and death was 113 days. 
The mean length of survival between the diagnosis of AIDS and death 
in women has been previously reported as 298 days.*° The difference 
in mean survival intervals of these two groups tends to support the 
concern that pregnancy may adversely influence the course of HIV 
infection. Most of the women in this report were IV drug users or the 
partner of an IV drug user (75%), and most died of Pneumocystis car- 
inii pneumonia. 

Evidence that pregnancy clearly alters host immunity, along with 
reports of increased maternal morbidity and mortality with oral viral 
illnesses, still raises questions about the safety or pregnancy for the 
HIV-infected woman. Nonspecific symptoms commonly associated 
with pregnancy may mask early symptomatology of HIV-related dis- 
ease and thus delay the diagnosis of AIDS and potentially delay or 
modify appropriate treatment. The long-term effect of pregnancy on 
maternal HIV disease is unclear at present based on currently avail- 
able information. 


The Effect of Human Immunodeficiency Virus Disease on 
Pregnancy 


Retrospective studies have suggested that the seropositive woman 
and her exposed infant may be at an increased risk of adverse preg- 
nancy outcomes.” 3° These complications include preterm delivery, 
intrauterine growth retardation, stillbirth, spontaneous abortion, and 
low birthweight neonates. Many of these complications may be at- 
tributable to the high prevalence of IV drug use and low socioeco- 
nomic status in this group of women. 

Selwyn et al,*° in a prospective study evaluating pregnancy out- 
comes of seropositive IV drug users with matched seronegative IV 
drug user controls, found no differences in the frequency of sponta- 
neous abortion, ectopic pregnancy, preterm delivery, stillbirth, or low 
birthweight neonates. However, substantially more seropositive than 
nonseropositive gravida (24 versus 5%) were hospitalized for serious 
non-AIDS-defining infectious diseases (that is, bacterial pneumonia) 
during pregnancy. 

A major concern for the HIV-infected gravida, as well as her care 
provider, is the rate of perinatal transmission of the virus to the fetus 
or neonate. Initial studies reported rates as high as 50 to 65%.?® 29 39 
However, these studies focused on rates in children of mothers who 
had already delivered infected children and probably represent a dif- 
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ferent subset of women who are at increased risk of transmitting the 
virus perinatally. 

Recent prospective studies report a 20 to 40% transmission 
rate.® 25 34, 36 These studies are hampered by the persistence of pas- 
sively acquired maternal antibody in the neonate for up to 15 months. 

Interpretation of the current data, especially when used to counsel 
infected gravida, must be done with caution. 


Antepartum Care 


In the first or early second trimester, pregnancy termination is an 
option that should be discussed with the known seropositive patient. 
For the woman continuing her pregnancy, certain modifications in 
prenatal care need to be made. 

In addition to the routine prenatal screening tests for gonorrhea 
and syphilis, it is wise to test for other sexually transmitted diseases 
such as Chlamydia and hepatitis B. The immune-impaired HIV-in- 
fected patient is also at greater risk for Mycobacterium tuberculosis, 
toxoplasmosis, and cytomegalovirus (CMV) infection. Tuberculosis 
skin testing should be performed. Baseline antibody titers for toxo- 
plasmosis and CMV are recommended, as primary infection during 
pregnancy with these agents may have grave consequences for the 
fetus. Repeat titers can be drawn later if symptoms subsequently 
occur. 

Measuring T-cell values in asymptomatic HIV-positive women 
may help identify those at greater risk for developing serious infec- 
tious complications during their pregnancy.”° T-cell levels in HIV- 
infected and uninfected women drop during pregnancy and reach a 
nadir of 700 to 800 T4 cells per pL.” Most HIV-positive pregnant 
women have T-cell values close to the normal range (10 to 20% lower 
than seronegative controls). Pregnant women with values of fewer 
than 300 T; cells per pL are uncommon and may develop serious 
pregnancy complications.?” °° Infected women with less than 400 T4 
cells per pL may have a greater chance of transmitting the virus to 
their infants.*° 

Clinicians should be suspicious of nonspecific complaints such 
as fatigue and weight loss. Common opportunistic infections such as 
Pneumocystis carinii pneumonia, severe herpes simplex episodes, 
and oropharyngeal candidiasis do not pose a direct threat to the fetus 
but may cause serious maternal illness. Although certain antiviral or 
antibacterial drugs could have theoretical effects on fetal develop- 
ment, current standard or recommended therapeutic regimens should 
not be withheld from the mother. 

Currently, azidothymidine (AZT) has been the only approved an- 
tiretroviral agent used to combat the AIDS virus. The safety of AZT 
in pregnancy has not been established. The efficacy of AZT in pre- 
venting transplacental or neonatal transmission of the virus is also 
unclear. However, protocols are currently under investigation by the 
Pediatric Committee for AIDS Cooperative Group of the National In- 
stitute of Allergy and Infectious Disease. 
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The obstetric care provider should be familiar with common and 
uncommon manifestations of HIV infections and their treatments, but 
when faced with severe HIV-related disease, knowledgeable physi- 
cians with expertise in the field of AIDS should be called upon. 


Intrapartum Care 


Delivery method does not appear to change the risk of perinatal 
transmission of HIV. Minkoff et al?” reported that a third of 34 HIV- 
infected infants in this study had been delivered by cesarean section. 
HIV has also been isolated from a full-term placenta, suggesting that 
this virus crosses the placenta hematogenously and that cesarean sec- 
tion will have little benefit or role in preventing perinatal transmis- 
sion. 

However, since the exact time of perinatal transmission of HIV 
has not been identified, it seems prudent to limit other potential 
sources of intrapartum transmission. Evaluation of fetal status by fetal 
scalp blood sampling or application of an internal scalp electrode 
seems best avoided when possible. Theoretically, these procedures 
may enhance innoculation of the virus into the fetus. 

Hematologic changes sometimes seen in HIV-positive patients 
include thrombocytopenia, anemia, mild increases in the bleeding 
time, abnormal clot formation, and platelet aggregation. The potential 
for increased bleeding in these patients should be kept in mind when 
operative delivery is considered or when obstetric conditions exist 
that would predispose the patient to hemorrhagic complications (that 
is, preeclampsia or placenta previa). 


Effects of Surgery and Anesthesia on Human-Immunodeficiency- 
Virus—Related Disease 


Anecdotal reports have appeared in the literature expressing con- 
cern that HIV-related disease may be accelerated by surgical proce- 
dures and anesthesia. Yet there are no scientific data to support or refute 
these contentions. Scannell’? recently reviewed the available studies 
published in the literature that have investigated the immunomodu- 
lating effects of surgery and anesthesia in people without HIV-related 
disease. The effects seen are generally those of immune suppression 
and often depend on the type of anesthesia used and the extent of 
surgery performed. However, these alterations appear to be transient 
and rarely correlated with adverse clinical outcomes. 

Changes in cellular immunity associated with surgery and anes- 
thesia may include depressions of natural killer cell (NKC) activity 
and numbers, lymphocyte proliferation and blastogenic responses, de- 
layed type hypersensitivity, B-cell function, and granulocyte function. 

NKC (a subpopulation of lymphocytes thought to play a role in 
the body’s defense against certain microbial infections) activity and 
numbers appear to be depressed for 3 to 6 days after major surgery 
but not minor surgical procedures. Postoperative NKC activity is also 
influenced by the mode of anesthesia. NKC activity is unchanged 
postoperatively after spinal or extradural anesthesia, although it may 
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decrease after general neuroleptic anesthesia. This differential effect 
on the immune system has been shown in studies of women undergo- 
ing hysterectomy, elective cesarean sections, and minor gynecologic 
procedures.®” In no instance did these changes correlate with clinical 
outcome although, theoretically, the potential consequences of this 
impaired cell-mediated immunity would include a greater chance of 
postoperative sepsis, infection, colonization of tissues and wounds, 
and poor wound healing. 

People infected with HIV may demonstrate the same laboratory 
abnormalities of immunologic testing that are transiently seen in non- 
infected individuals undergoing surgical interventions. Concern that 
anesthesia and surgery could further impair their immune status, plac- 
ing them at greater risk for postoperative complications or enhance- 
ment of other HIV-related disease, seems reasonable. This is specu- 
lative, however, and the few clinical studies of surgical interventions 
performed in AIDS patients do not demonstrate adverse outcomes 
attributable to surgery or anesthesia alone.®” 

Concern has been raised that spinal or epidural anesthesia may 
exacerbate the central nervous system manifestations or other neu- 
rologic conditions associated with AIDS.1® However, this theoretical 
fear is not substantiated by any reported cases in which spinal or 
epidural anesthesia was thought responsible for initiating or wors- 
ening the neurologic condition of an AIDS patient. On the contrary, 
it appears that spinal or epidural anesthesia, which has been shown 
to cause less immunologic disturbances than general anesthesia, may 
be the more prudent anesthetic choice for the HIV-infected individ- 
ual. Finally, because tracheal intubation may increase the risk of 
upper respiratory colonization and aspiration, general anesthesia 
seems best avoided in the AIDS patient whenever possible. 

Thus, for the HIV-infected gravida, the decided route of delivery 
and mode of anesthesia should be based on the usual obstetric con- 
siderations only. 


Postpartum Care 


Breastfeeding has been implicated as a possible mode of trans- 
mission of the virus from the mother to the infant and is not recom- 
mended for HIV-seropositive women.* The HIV-positive mother 
should otherwise be allowed full access to her infant. 

Although the immediate postpartum course of these women does 
not appear to be unduly complicated, postpartum endometritis should 
be aggressively and promptly treated. The patient should be referred 
to a physician or center with expertise in treating HIV-related disease 
for ongoing medical care. 


HUMAN IMMUNODEFICIENCY VIRUS INFECTION 
CONTROL IN THE OBSTETRIC SETTING 


Information obtained from all persons with AIDS reported to the 
CDC includes a question about employment in a health care or clinical 
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laboratory setting. Current reviews of surveillance data support other 
studies indicating that the risk of HIV transmission in the occupational 
setting remains low and is most often associated with percutaneous 
innoculation of blood from a patient with HIV infection.’* ?” The risk 
of seroconversion after inadvertent HIV exposure during needlestick 
injury is less than 0.5%.'* To date, no cases of occupational transmis- 
sion of HIV to labor and delivery room personnel have been recorded. 
However, office and hospital infection control procedures should be 
uniform for all patients. 

The CDC has published detailed guidelines to help prevent the 
transmission of HIV and other blood-borne pathogens.!! 4 These in- 
clude the use of gloves for all procedures in which secretion contact 
is possible; handling of all patient specimens as if they were infec- 
tious; avoidance of needle resheathing and disposing of them in punc- 
ture-resistant containers; and cleaning contaminated surfaces or ster- 
ilization of reuseable items according to standard protocols. 

Other specific infection control measures during delivery include 
the use of gloves at all times, the use of water-resistant gowns, and 
the wearing of masks and protective eye covering. Gloves should al- 
ways be worn while handling the neonate until after its first bath when 
maternal secretions will no longer be present. The placenta should 
be considered infectious and handled or examined with gloves. An- 
other unique obstetric concern involves the avoidance of oral suction 
devices (DeLee suction devices) for neonatal airway suction. Wall 
suction or bulb suction should be used exclusively. With devices that 
operate by mouth suction, a trap should be placed in the line. 

These precautions should not be limited to those patients known 
to be HIV-antibody positive, because the clinician is probably most 
at risk from unidentified infected patients who are not appropriately 
managed. 


THE ECONOMIC CONCERNS OF PERINATAL AIDS 


Although children now represent a small proportion (1 to 2%) of 
all patients with AIDS, the total number of pediatric cases reported 
has risen from 64 in December 1983 to 1736 in August 1989.8 It is 
estimated that as many as 10,000 to 20,000 children may be diagnosed 
with AIDS by 1991. Over 80% of these children will have contracted 
the virus from their mother, 

Hegarty et al’* reported that the total cost of hospital care for HIV- 
infected children at Harlem Hospital Center between 1981 and 1986 
was $3.3 million. Average lifetime costs were $90,347 per child, more 
than three times the cost for an adult homosexual male in San Fran- 
cisco with the disease.°* The mean length of stay for children who 
died was 129 days. The accumulative mean lifetime hospitalization 
of an adult with AIDS in San Francisco was 35 days. Studies that have 
addressed the cost of caring for IV drug-using patients with AIDS are 
not available. 
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One third of total inpatient days and over 20% of the cost of hos- 
pital care for infected children result from social factors and are not 
medically necessary.1® 25 Many “boarder babies,” HIV-seropositive 
children who are healthy enough to go home, remain in the hospital 
awaiting difficult-to-find foster home placement after their parents 
died, abandoned them, or proved unable to care for them. 

But even excluding days of care that were not medically neces- 
sary, HIV children required on average 63% more days in the hospital 
per year than the average adult AIDS patient, reflecting the greater 
severity of AIDS in children.2” 3-35 Pediatric HIV disease differs from 
the adult disease in several important ways. The incubation period is 
shorter, the cumulative mortality rate is higher, and infected children 
are particularly predisposed to recurrent episodes of severe bacterial 
infections. 

A report by Andrulis et al? clearly demonstrates that public hos- 
pitals and private teaching hospitals have cared for a disproportionate 
number of patients with AIDS. The distribution by payor source is 
striking—54% Medicaid and only 17% private insurance. Further- 
more, 97% of the children in Hegarty’s study were Medicaid-eligible, 
and only 3% had private insurance. The average costs per day for 
patients with AIDS far outdistance revenue generated per day in in- 
stitutions where Medicaid represents the most frequent third-party 
payor.” * The escalating costs of treating HIV-related disease will pro- 
foundly affect certain major public and private teaching institutions 
in the near future. The adverse impact this may have on our ability 
to provide optimal care to all patients cannot be overemphasized. 


HUMAN IMMUNODEFICIENCY VIRUS INFECTION: LEGAL 
CONCERNS 


Few physicians have spent much time worrying about the legal 
risks of caring for women with AIDS or HIV infection. A whole new 
specialty, AIDS law, is creating new possibilities for legal actions.° 

Historically, all deadly communicable diseases have triggered 
fear, hysteria, and prejudice against the afflicted. A similar uneasiness 
about treating HIV-infected patients exists today among the medical 
community. This is especially true for those who perform procedures 
that greatly increase the risk of exposure to patients’ blood and bodily 
fluids (surgeons, emergency room personnel, and trauma specialists). 
Past Surgeon General C. Everett Koop told the President’s Commis- 
sion on AIDS that physicians have a duty to treat all patients, regard- 
less of their disease, with one exception. Surgeons, with greater risk 
by virtue of greater-than-normal exposure to blood, would have to 
make their own decisions in cases regarding AIDS.” The American 
College of Surgeons has adopted the Surgeon General’s position; how- 
ever, the American Medical Association and the American College of 
Obstetricians and Gynecologists have stated that all physicians have 
an ethical obligation to care for AIDS patients. 


200 CATHY Jo CANTRELL 


Almost all state medical examining boards have developed pol- 
icies on the physician’s duty to provide care for AIDS patients. “Pa- 
tient abandonment” and “failure to treat” may risk not only the phy- 
sician’s loss of license but are also two of the most difficult malpractice 
charges to defend.” 

Failure to diagnose and institute treatment in a timely fashion are 
two common reasons for malpractice actions. Since “normal” non- 
specific pregnancy symptoms can mimic other diseases, failure to di- 
agnose AIDS in pregnancy may easily become a reason for malpractice 
suits in obstetrics. Since infected gravida can transmit HIV to their 
infants, children of infected women who contract the disease may also 
have actions brought on their behalf. Two malpractice dangers, “‘fail- 
ure to inform” and “duty to warn,” open the door to potential litigation., 
For instance, a wrongful birth suit could result if a pregnant woman 
atrisk for HIV infection is not offered testing for the virus or counseled 
about the significance of the test results. A malpractice suit is also 
possible if an HIV test is obtained without informed consent, espe- 
cially if results are used in a harmful or discriminatory way. Physician- 
patient confidentiality in AIDS cases may be in direct legal opposition 
to the duty to warn endangered third parties (spouses and medical 
staff}. The tendency is to assume that, if the need to warn is urgent 
enough, a breech of confidentiality is warranted. 

Most states have passed, or are considering, specific statutes re- 
garding these issues. State health departments have issued recom- 
mendations to govern HIV-testing policies and reporting of HIV-pos- 
itive cases in lieu of specific legislation. The obstetric health provider 
is urged to learn what policies or laws have been established regarding 
HIV testing in his or her own state. 


SUMMARY 


Since neither a vaccine nor a safe, effective drug against the AIDS 
virus exists, health care providers will increasingly be faced with HIV- 
related problems. It appears that pregnancy adversely impacts on 
HIV-related disease and that the opposite is also true. Conflicting data 
now exist that emphasize more prospective studies are needed before 
we will have definitive answers. 

Prevention of new HIV infections is currently the only means we 
have to slow this epidemic. Health care providers must redouble their 
efforts to educate, counsel, and offer testing to at-risk women. Pre- 
venting transmission of the virus during pregnancy, parturition, and 
the neonatal period offers the greatest hope of ameliorating pediatric 
AIDS. Studies of therapeutic or prophylactic interventions during the 
perinatal period, whether pharmacologic or immunologic, to combat 
HIV infection should be of high priority. 

The toll-free number to receive updated AIDS information from 
the CDC is 1-800-342-2437; information for health care providers can 
also be obtained. The Burroughs Wellcome Pharmaceutical Company 
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has initiated a study to determine the effectiveness of zidovudine (Re- 
trovir, AZT) in preventing the establishment of HIV infection in health 
care workers occupationally exposed to HIV. 
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Critical Care for the 
Pregnant Patient 


Ronald Dworkin, MD,* 
and Thomas G. Karagianes, MD+ 


The critical care management of the pregnant patient requires an 
application of conventional intensive therapy to a patient whose phys- 
iology is quite different from the nonpregnant state. Although the lit- 
erature reports some experience in how to manage pregnant patients 
in the intensive care unit (ICU), many recommendations must origi- 
nate by merging the purposes of intensive therapy with a knowledge 
of the physiology of pregnancy. Furthermore, the management of the 
obstetric patient must take into account the need to prevent preterm 
labor and fetal well-being. The article discusses selected aspects of 
critical care medicine applied to obstetric patients with particular em- 
phasis on cardiopulmonary physiology and management, hemody- 
namic monitoring, and mechanical ventilation. 


CARDIOVASCULAR CONSIDERATIONS 


The pregnant patient is at risk for hypotension secondary to de- 
creased cardiac preload primarily as a result of aortocaval compres- 
sion.2° Beginning as early as 20 weeks gestation, the gravid uterus 
can obstruct the inferior vena cava in the supine patient, leading to a 
decrease in venous return. For this reason, the pregnant patient should 
not be kept flat on her back in the ICU. If hypotension does occur, 
aortocaval compression must be relieved by left (or occasionally right) 
uterine displacement. Trendelenburg’s position without left uterine 
displacement is not sufficient. The “supine hypotension syndrome” 
must be added to the differential diagnosis of hypotension in the preg- 
nant ICU patient as a primary diagnosis or as an exacerbating factor. 
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The hypotension secondary to aortocaval compression or any 
cause is detrimental to both mother and fetus. Because the uterine 
blood vessels are presumed to be maximally dilated, uteroplacental 
blood flow is relatively perfusion pressure dependent. Hypotension 
must be corrected rapidly for a systolic blood pressure (SBP) of less 
than 70 mm Hg and aggressively for a SBP of less than 90 to 100 mm 
Hg to ensure adequate uteroplacental flow. 

The initial treatment of modest hypotension in the pregnant pa- 
tient includes left uterine displacement and intravascular volume in- 
fusion. Synthetic noncatecholamines can be used as temporizing mea- 
sures to raise blood pressure until further evaluation and additional 
treatment can be instituted. Ephedrine and mephenteramine are pre- 
ferred (rather than metaraminol or phenylephrine) because they result 
in a greater improvement in uteroplacental blood flow when correct- 
ing hypotension. ?ë 

As a corollary to the need to rapidly correct hypotension in the 
pregnant patient is the issue of acceptable blood pressure during in- 
duced hypotension. The adequacy of uterine perfusion will dictate 
the extent to which the maternal blood pressure can be lowered ther- 
apeutically. Patients with certain vascular lesions (for example, intra- 
cranial aneurysm) require hypotension to decrease the stress on the 
fragile vessel wall. Although a mean blood pressure of 50 mm Hg may 
be the point at which cerebral autoregulation is exhausted and cer- 
ebral blood flow beings to decrease, a higher blood pressure is prob- 
ably required to maintain uteroplacental flow. It seems appropriate 
to use a SBP of 90 to 100 mm Hg as a safe end point when reducing 
maternal blood pressure. The duration of the hypotensive therapy can 
also impact fetal risk; therefore, the prolonged use of deliberate hy- 
potension or afterload reduction in the pregnant patient requires spe- 
cial consideration. Continuous fetal heart rate monitoring should be 
used in the ICU to help evaluate the effects of therapy on the fetus 
after the 18th week of gestation, as is done in the operating room. 

Assuming uterine venous pressure exceeds intrauterine pressure, 
uterine blood flow (UBF) is determined by the equation: 


UBF = UAP — UVP/UVR 


where UAP = uterine arterial pressure; UVP = uterine venous pres- 
sure; and UVR = uterine vascular resistance. It follows that factors 
other than maternal blood pressure determine the adequacy of uter- 
oplacental flow. Increases in UVR secondary to maternal disease or 
to physiologic manipulations may lead to higher blood pressure re- 
quirements. Both hypocarbia secondary to mechanical ventilation’ 
and vasopressors can increase UVR.** An increased UVP secondary 
to elevated right atrial pressure from disease (for example, right ven- 
tricular failure) or therapy (for example, PEEP) may also lead to higher 
blood pressure requirements. 

Hypotension in the pregnant patient may be secondary to inad- 
equate cardiac contractility, and inotropic therapy may be required. 
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Recommendations for inotropic agents in the pregnant patient are not 
well established. Dopamine in animals has been reported to both in- 
crease and decrease uterine blood flow. The decrease may be sec- 
ondary to the a-agonist effects that result when the dose is raised above 
10 wg per kg per minute.* ?? The effects of dobutamine, which lacks 
a-agonist properties, have not been carefully examined in the preg- 
nant patient. Epinephrine can increase maternal blood pressure, 
while markedly decreasing uterine blood flow.® Furthermore, its B- 
agonist effects can decrease uterine contractility. In sum, maternal 
needs will probably dictate the choice of drug when cardiac dys- 
function is severe enough to require inotropic support, but the drugs 
should be used with a degree of caution because of the possible un- 
toward effects on uteroplacental perfusion. 

The pregnant patient normally experiences an increase in intra- 
vascular volume that begins in the first trimester. This presumably 
leads to an increase in cardiac preload, although this has not been 
documented. Plasma volume expansion leads to a 35 to 40% increase 
in blood volume by term.”® During labor, uterine contractions add 
another 300 to 500 mL to the central vascular compartment. Intravas- 
cular volume increases further after delivery with the autotransfusion 
produced by uterine involution. 

This “hypervolemic” state can complicate the management of var- 
ious conditions seen in the ICU. Permeability pulmonary edema and 
congestive heart failure are two conditions that require careful man- 
agement of left ventricular filling pressures. To reduce edema fluid 
formation, current therapy attempts to maintain cardiac output with 
lower filling pressures. The expanded blood volume of pregnancy 
does not necessarily lead to higher filling pressures, as will be dis- 
cussed. At the same time, any reduction in cardiac performance will 
produce higher filling pressures secondary to the volume expansion 
of pregnancy. Obstetric patients may, therefore, require additional 
pharmacologic efforts (for example, the use of venodilators or diuret- 
ics) to reduce preload when it may have been otherwise unnecessary 
in the nonpregnant patient. If preload reduction is required, nitro- 
glycerin can be used, because it has not been associated with any 
deleterious effects on the fetus or with a decrease in uterine blood 
flow independent of its hypotensive effect.” 3 Furosemide has not 
been shown to produce congenital defects in the fetus and can be 
used in the pregnant patient. However, it does cross the placenta and 
may cause a diuresis in newborns. 

Other vasodilators can be used in the pregnant patient. Clinically 
significant cyanide levels remain a concern when using nitroprusside, 
and prolonged administration has been shown to result in fetal death 
in ewes.'* Therefore, the drug can only be safely used for short periods 
of time (for example, 15 minutes), thereby significantly curtailing its 
utility in the ICU. Hydralazine has often been used to control hy- 
pertension in preeclamptic patients, and the drug does not appear to 
compromise uterine blood flow or fetal safety.”° 
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HEMODYNAMIC MONITORING 


Placement of Invasive Monitors 


The critically ill obstetric patient may require invasive hemo- 
dynamic monitoring. There are a number of sites through which to 
gain access to the central venous circulation. In addition to the ad- 
vantages and complications of each route, there are some special con- 
siderations in the pregnant patient. 

The coagulation status of the obstetric patient should be evaluated 
prior to central venous cannulation. Most pregnant patients have nor- 
mal clotting function (and are even described as hypercoagulable), 
but patients with preeclampsia may have a coagulopathy secondary 
to platelet dysfunction. Patients with placental abruption, retained 
dead fetus, and amniotic fluid embolism may experience disseminated 
intravascular coagulation. In these individuals, catheterization might 
initially be attempted in the basilic vein in the antecubital fossa or in 
the external jugular vein. At these sites, bleeding can be well con- 
trolled and would not be catastrophic.?” 

Subclavian vein catheterization should probably not be per- 
formed when a coagulopathy is present to avoid potentially significant 
hemorrhage if the subclavian artery is punctured.”’ Internal jugular 
vein catheterization might also be avoided in such patients to avoid 
the hemorrhage of inadvertent carotid artery puncture, although this 
site can be more easily compressed than the area adjacent to the sub- 
clavian artery. The risk of an enlarging neck hematoma resulting in 
airway compression is present when internal jugular vein cannulation 
is attempted.?” 

Rigid guidelines cannot replace clinical judgement, but criteria for 
avoiding internal jugular and subclavian vein puncture, including a 
prothrombin time 3 seconds greater than control and a platelet count 
less than 50,000 plt per uL’, have been offered.?” It is important to 
note, however, that the data regarding acceptable limits are unclear 
and that many of the bleeding complications from internal jugular vein 
cannulation have been reported in patients who were subsequently 
heparinized. In one study of internal jugular vein cannulation in pa- 
tients with severe coagulopathy secondary to chronic liver disease, 
only 1 patient out of 1000 experienced a hematoma large enough to 
cause airway compression.® 

Femoral vein catheterization is also used in the ICU to avoid the 
complications of internal jugular or subclavian vein catheterization in 
patients with a coagulopathy. Thrombosis of the inferior vena cava or 
the ileofemoral veins is the most feared complication of using this site. 
The pregnant patient has increased intra-abdominal pressure and may 
experience frequent transient obstruction of the inferior vena cava 
secondary to aortocaval compression. This combined with the hyper- 
coaguable state of pregnancy may predispose the pregnant patient to 
this complication. In the nonobstetric patient, increased intra-abdom- 
inal pressure and inferior vena cava obstruction have been described 
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as contraindications to inferior vena cava catheterization. Further- 
more, the central venous pressure catheter would have to be advanced 
to the intrathoracic region, as the increased intra-abdominal pressure 
of pregnancy would produce falsely elevated central venous pres- 
sures. Finally, right lower quadrant bowel perforation has been de- 
scribed as a complication of femoral venipuncture” and, in the preg- 
nant patient, uterine puncture might also occur. In sum, femoral vein 
catheterization should be avoided in the pregnant patient. 

Pulmonary artery catheterization is associated with the same com- 
plications as in the nonpregnant patient. These include dysrhythmias, 
bundle branch block, pulmonary artery rupture, pulmonary infarction, 
catheter-related infections, balloon rupture, and endocardial damage. 
In avery small study of 21 pregnant patients with severe preeclampsia, 
the most common complications during catheter insertion included 
dysrhythmia (two patients), balloon rupture (one patient), and positive 
culture of the catheter tip without evidence of septicemia (one pa- 
tient).° The authors of this study noted that despite the hypercoag- 
ulable state of pregnancy and the common finding of thrombi along 
the length of the catheter, pulmonary embolization or infarction was 
not noted. 

There are no major obstetric considerations for cannulation of the 
arterial system. As compression of the aorta by the gravid uterus can 
decrease blood flow to the lower extremities, blood pressure mea- 
surements obtained from femoral or dorsalis pedis artery catheters 
may be erroneously lower than upper-extremity pressures. Lower- 
extremity hypotension may direct inappropriate intervention if the 
perfusion pressure of the heart and brain is inferred from blood pres- 
sure measured in the lower extremity. Perfusion pressure to these vital 
organs would be more accurately inferred from an upper-extremity 
arterial catheter. At the same time, blood pressure measurement in 
the lower extremities can help detect decreases in uterine arterial 
blood pressure secondary to uterine compression of the aorta, and 
prompt the necessary postural changes required to increase uterine 
artery (and lower-extremity) blood pressure. 


Interpretation of Hemodynamic Data 


Clinical decisions based on interpretation of hemodynamic data 
are influenced by knowledge of the normal range of values in preg- 
nancy. There is actually disagreement over what constitutes “normal” 
in the pregnant patient. Early studies reported a decrease in right atrial 
pressure (RAP), right ventricular end-diastolic pressure (RVEDP), and 
mean pulmonary artery pressure (PAP) and a decrease in central blood 
volume in the normal pregnant patient. However, the results may 
have been affected by uterine compression of the inferior vena cava 
that was not corrected. Later studies demonstrated an increase in RAP, 
RVEDP, PAP, and central blood volume beginning early in preg- 
nancy. Others have cited no change in RAP with pregnancy. 

In a recent examination of the hemodynamic effects of oxytocin 
in women during the first trimester of pregnancy, nine healthy sub- 
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jects were noted to have a pulmonary capillary wedge pressure 
(PCWP) of 5 to 10 mm Hg, a PAP of 9 to 14 mm Hg, a pulmonary vas- 
cular resistance (PVR) of 35 to 90 dyne per second per cm”, and a 
stroke volume of 50 to 75 mL per beat, prior to injection of oxytocin.” 
The patients were anesthetized and mechanically ventilated, which 
could have perturbed the data relative to the nonanesthetized, spon- 
taneously breathing state. Still, these values would be considered nor- 
mal for anesthetized, mechanically ventilated nonobstetric patients. 

In another study that produced hemodynamic data prior to drug 
infusion in healthy women during the first trimester of pregnancy, the 
subjects examined had a central venous pressure from 3 to 5 mm Hg, 
a PCWP from 4 to 6 mm Hg, a PAP from 14 to 19 mm Hg, and a stroke 
volume of 50 to 60 mL per beat.” These patients were in a sitting 
position when the data were obtained, which could have affected the 
values relative to those that might have been obtained in the supine 
position. Yet, they are similar to values that constitute normal in 
healthy nonobstetric subjects. 

In a third study of hemodynamics, measurements were obtained 
before and after induction of anesthesia and removal of molar preg- 
nancy during the first trimester.” Prior to induction, baseline values 
included a central venous pressure of 6 mm Hg, a PAP of 14 mm Hg, 
a PCWP of 10 mm Hg, a PVR of 48 dyne per second per cm”, a stroke 
volume of 83 mL per beat, and a systemic vascular resistance (SVR) of 
1060 dyne per second per cm?. Again, these data are similar to those 
often obtained from normal nonobstetric patients, except for a slightly 
wider difference between the central venous pressure and the PCWP. 

Studies in the obstetric literature have purported a different he- 
modynamic baseline in preeclamptic patients. In one study of severe 
preeclamptic patients in early labor receiving a MgSO, infusion, the 
authors demonstrated an increase in cardiac output, secondary to an 
increase in stroke volume and heart rate, compared with normotensive 
patients in early labor.”° Unfortunately, hemodynamic data for nor- 
motensive patients were obtained from earlier work that did not de- 
scribe the use of left uterine displacement while collecting data. 

Preeclamptic patients have also been reported to have hyperef- 
fective hearts.‘” For a given PCWP, the cardiac work is greater than 
in normal patients; hence, a greater level of cardiac contractility. This 
assumes normal or reduced left ventricular compliance, and that the 
greater amount of work is not simply the product of greater ventricular 
volume. This concept was not examined in the study. Unlike the SVR, 
the PVR was not significantly affected by preeclampsia. 

The relationship between CVP and PCWP in patients with severe 
preeclampsia was also addressed in this study. In six of the nine pa- 
tients studied, there was good correlation between CVP and PCWP. 
In three patients, the CVP did not reflect changes in the PCWP. Un- 
expectedly and unexplained, the PCWP actually decreased as the CVP 
increased. This is the opposite of what is commonly seen in patients 
with left ventricular disease secondary to severe hypertension, in 
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whom volume loading produces a smaller increase in CVP than 
PCWP. 

The CVP-PCWP relationship in severe preeclamptic patients has 
been explored in another study.® Ten of 18 patients had a linear re- 
lationship between CVP and PCWP, but interindividual variations 
prevented accurate prediction of the PCWP from the CVP. In the 
remaining patients, there was no correlation between CVP and PCWP. 
It is not known if digital display values were used or if respiratory 
variation was taken into account, because both can affect the accuracy 
of the measurements. 

In sum, the body of data accumulated from pregnant patients to 
establish a hemodynamic baseline is not large and is occasionally con- 
flicting, and more studies need to be performed before a thorough 
understanding can be obtained. However, some tentative conclusions 
can be drawn from the current data to aid in the management of ob- 
stetric patients in the ICU. 

The pulmonary vasculature does not appear to be affected by 
pregnancy, even with preeclampsia. Therefore, increases in PVR are 
more likely secondary to pulmonary disease and effects of mechanical 
ventilation and PEEP. Furthermore, the pulmonary artery diastolic 
pressure is close to the PCWP in the pregnant patient, as when PVR 
is not elevated. 

The central venous pressure in healthy women appears to be un- 
changed by pregnancy. The previously mentioned studies demon- 
strate a central venous pressure in women during the first trimester 
that is similar to that seen in nonpregnant women. 

The PCWP appears to be unchanged by normal pregnancy. The 
PCWP of pregnant patients in the first trimester, and even in many 
severely preeclamptic patients in the last trimester, is not significantly 
different from the PCWP observed in healthy nonpregnant patients. 

The central venous pressure and PCWP appear to correlate in 
normal pregnancy, with the central venous pressure offering a rea- 
sonable estimate of PCWP in the absence of major physiologic dis- 
turbances. Studies of right ventricle and left ventricle compliance 
would help to determine if a disparity between the central venous 
pressure and PCWP develops in response to volume loading in certain 
situations (for example, preeclampsia). 

In the preeclamptic patient, the data are less clear. Even in those 
studies that demonstrated a disparity between central venous pressure 
and PCWP, many patients with preeclampsia showed a correlation 
between central venous pressure and PCWP. In those subjects in 
whom a lack of correlation was demonstrated, the data are somewhat 
confusing. Therefore, it is difficult to make recommendations regard- 
ing invasive monitoring in the preeclamptic patient (that is, whether 
a central venous pressure or a pulmonary artery catheter is required 
for management). The decision must combine other elements of con- 
current organ dysfunction with clinical experience. 

Pregnancy is associated with an increase in stroke volume, as long 
as venous return is not reduced by inferior vena cava compression. 
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The etiology of the increase in stroke volume is unclear. It may be 
secondary to increased left ventricular end-diastolic volume (LVEDV) 
as a result of the increase in plasma volume. But left ventricular end- 
diastolic pressure (LVEDP), as approximated by the PCWP and as a 
measure of LVEDV, does not appear to change significantly in preg- 
nancy. An unchanged LVEDP associated with an increased LVEDV 
may be due to improved left ventricular compliance during pregnancy. 
The increased stroke volume may also be due to increased cardiac 
contractility. The increased stroke volume may also be due to a re- 
duction in afterload that accompanies the decrease in SVR during 
pregnancy. None of these possibilities have been substantiated be- 
cause measurement of LVEDV and the assessment of left ventricular 
ejection fraction during pregnancy have not been performed in a care- 
ful study. 

Although further study is necessary to explain conflicting data 
from various studies and to address certain untested possibilities, it 
appears that pregnancy is generally not a consideration when evalu- 
ating data obtained from invasive hemodynamic monitors. 


PULMONARY CONSIDERATIONS AND MECHANICAL 
VENTILATION 


Airway protection is a concern in the pregnant patient. By 20 
weeks gestation, the hormonal changes of pregnancy and the en- 
larging gravid uterus lead to reduced gastric emptying and a greater 
risk of pulmonary aspiration.” In situations in which the level of con- 
sciousness is depressed, the trachea should be intubated with a cuffed 
endotracheal tube to decrease the risk of aspiration. 

The airway mucosa undergoes capillary engorgement during 
pregnancy, leading to a decrease in upper airway and tracheal di- 
ameter. This narrowing can easily be exacerbated by other insults, 
such as inhalation injury or trauma, and the trachea may need to be 
intubated to preserve airway patency in situations that normally would 
be followed by a longer period of observation. 

It is important to place an endotracheal tube with as large an 
internal diameter as possible to avoid the increased work of breathing 
resulting from high airway resistance. In women, a 7.0- or 8.0-mm 
internal diameter endotracheal tube is often used. The airway mucosal 
swelling may permit only the nasal passage of a smaller endotracheal 
tube (for example, 6.5-mm internal diameter) and may predispose to 
epistaxis, particularly if topical vasoconstrictors are not employed. The 
smaller endotracheal tubes should also be available for oral intubation, 
especially in the preeclamptic patient, in whom upper airway nar- 
rowing may be pronounced. Once an airway is established, the type 
of pulmonary disease in conjunction with the physiology of pregnancy 
must be considered for appropriate pulmonary therapy. 

The pregnant patient experiences changes in pulmonary physi- 
ology that may impact the diagnosis and treatment of pulmonary dis- 
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ease in the ICU. Ventilation in the pregnant patient is affected by the 
metabolic and anatomic changes of pregnancy. Minute ventilation is 
increased with pregnancy as a result of increased COg production?’ 
and the maintenance of a Pacos of approximately 32 torr. This hy- 
perventilation occurs in the presence of a 45% decrease in total com- 
pliance, which is secondary to a decrease in extrapulmonary (thora- 
coabdominal) compliance attributed to uterine enlargement and 
elevation of the diaphragm. Lung compliance remains normal. Airway 
resistance in the pregnant patient is unchanged or is slightly decreased 
by the bronchodilating effects of progesterone. By relating the in- 
creased ventilatory requirement to the possible increased work of 
breathing, the pregnant patient is left with a smaller ventilatory re- 
serve than the nonpregnant patient. Difficulty handling the increased 
ventilatory load of superimposed pulmonary disease may be the result 
of this situation. 

Although superimposed disease will influence the appropriate 
Pacos and pH for the patient, there are consequences to hypocarbia 
and hypercarbia in the pregnant patient. Hypocarbia (below 32 torr) 
can increase uterine vascular resistance and decrease uteroplacental 
blood flow. Furthermore, the alkalosis can shift the oxyhemoglobin 
dissociation curve to the left and decrease oxygen unloading to the 
fetus. Hypercarbia can lead to fetal acidosis and myocardial depres- 
sion, and chronic hypercarbia has been shown to produce fetal anom- 
alies in rats and rabbits. 

Pulmonary oxygenation in the pregnant patient may be impaired 
secondary to changes produced in the relationship between closing 
capacity and functional residual capacity (FRC). The enlarging uterus 
leads to diaphragmatic elevation, which causes a reduction in FRC 
relative to closing capacity, especially in the supine position. This 
may result in airway closure during normal tidal ventilation and can 
predispose the patient to atelectasis. Ventilation-perfusion abnormal- 
ities and a widened P(A-a)Og gradient may occur. The pregnant pa- 
tient is more vulnerable to rapid hemoglobin desaturation and hy- 
poxemia with superimposed pulmonary disease in view of the 
decreased FRC and increased oxygen consumption as baseline. 

Maternal needs should determine the appropriate inspired oxy- 
gen concentration. It is important to realize that high inspired oxygen 
concentrations are not deleterious to the fetus, and will not cause 
retrolental fibroplasia or premature closure of the ductus arteriosis.”® 
Placental shunting will prevent fetal Paos from exceeding 60 torr 
when maternal Paos is 600 torr. However, hyperbaric oxygen admin- 
istration has been shown to produce retrolental fibroplasia and other 
fetal anomalies in rabbits and therefore, the benefit of this therapy to 
the mother must be weighed against the potential risk to the fetus.” 

Although numerous factors will influence the ventilator settings, 
it is important to consider the effect of airway pressure on intrathoracic 
pressure. Increased intrathoracic pressure will reduce venous return 
and cardiac output by a number of mechanisms. The degree of re- 
duction in cardiac output is primarily a function of airway pressures, 
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compliances (pulmonary, thoracoabdominal), and the intravascular 
volume state. The additive effect of increased intrathoracic pressure 
and caval compression in the pregnant patient may have profound 
hemodynamic consequences, particularly in a hypovolemic situation. 
Increased intrathoracic pressure can also reduce uteroplacental blood 
flow by increasing uterine venous pressure. 

The reduced thoracoabdominal compliance of pregnancy, when 
coupled with the decreased pulmonary compliance of acute lung in- 
jury, will translate into higher airway pressures during mechanical 
ventilation. Barotrauma risk is subsequently increased, particularly in 
the acid aspiration syndrome. 

Patients receiving positive-pressure ventilation are often placed 
in a head-up position in order to improve V/Q matching and thereby 
decrease dead space ventilation. Furthermore, this position will result 
in less compression of the diaphragm by the abdominal viscera which 
may lead to an increase in FRC. In the supine position, increased 
perfusion in the dependent portion of the lung is combined with pref- 
erential ventilation of the nondependent portion leading to V/Q mis- 
matching. 

These positioning considerations are important in the mechani- 
cally ventilated obstetric patient. The 30- to 45-degree head-up po- 
sition in the obstetric patient may also improve thoracoabdominal 
compliance by decreasing the pressure of the enlarged uterus on the 
thorax. Yet, at the same time, the head-up position, combined with 
positive-pressure ventilation and inferior vena cava compression by 
the uterus, can lead to a severe reduction in venous return. For this 
reason, the mechanically ventilated pregnant patient must always 
have left uterine displacement, with the head-up position instituted 
according to the hemodynamic situation. The lateral position may be 
beneficial in improving Paos in certain inhomogeneous (for example, 
unilateral) disease processes and will prevent inferior vena cava 
compression. 


PULMONARY MANAGEMENT MEDICATIONS 


Pregnant patients with reversible obstructive lung disease may 
require treatment with bronchodilators and steroids. Subcutaneous 
epinephrine and terbutaline are reported as being equally effective 
in these patients.’ In early pregnancy, terbutaline may be preferred 
because of a reported increase in fetal malformations with repeated 
doses of epinephrine. In late pregnancy, the situation is more com- 
plex because epinephrine has adverse effects on uterine blood flow, 
and terbutaline has been associated with pulmonary edema in this 
patient population.” Inhaled bronchodilators, which produce less sys- 
temic response than subcutaneous therapy and some of which are 
more specific Ba agonists (for example, albuterol), have been used 
frequently during pregnancy, but there are no data regarding the 
safety of these drugs in the pregnant population. 
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An association between theophylline and fetal malformations has 
been demonstrated in laboratory animals with large doses,*! but it is 
generally agreed that theophylline preparations can be used safely 
during pregnancy.’° The requirement for theophylline will increase 
as pregnancy progresses secondary to an increased volume of distri- 
bution. However, with the weight gain during pregnancy, dosage on 
a milligram per kilogram basis does not change significantly.”® It is 
recommended that theophylline levels remain in the low therapeutic 
range (10 to 14 mg per mL). Both theophylline and B-agonists decrease 
uterine contractility and slow the progress of labor. 

Steroids have been associated with intrauterine growth retarda- 
tion in humans and congenital abnormalities in laboratory animals,’ 30 
but studies have demonstrated that oral corticosteroids can be used 
safely in pregnant patients with asthma.” It is recommended that ste- 
roids be used sparingly in pregnant patients, employing the lowest 
effective dose. 

Muscle relaxants are occasionally employed in mechanically ven- 
tilated patients. They may predispose the patient to venous thrombus 
formation by increasing venous stasis, and in the pregnant patient, 
thromboembolic phenomena may be a significant concern. Addition- 
ally, muscle relaxants may pose a threat to the fetus. Long-term ad- 
ministration of pancuronium in animals has been associated with joint 
malformations in the fetus secondary to immobilization in utero.” 
Furthermore, muscle relaxants do not easily cross the placenta be- 
cause of their polar structure, but prolonged use may lead to fetal 
accumulation and apnea at birth. 

Sedatives are often used to increase the tolerance for mechanical 
ventilation and the fetal effects of these drugs must be considered. Of 
the benzodiazepines, diazepam has been associated with an increased 
risk of cleft lip or palate in offspring, especially if used in the first and 
second trimester.* Other congenital defects have been associated with 
diazepam and, although some studies report no association of birth 
defects with the drug, it should probably not be used. Lorazepam has 
not been associated with any congenital defects to datet; however, 
the experience with the drug is not great. 

The use of pentobarbital and secobarbital in pregnant patients 
has not been linked with any congenital defects. Hemorrhagic dis- 
ease of the newborn and barbiturate withdrawal have been reported 
to be theoretical possibilities. 

The use of narcotics such as morphine and fentanyl has not been 
associated with any congenital defects.4 Maternal addiction to nar- 
cotics can lead to neonatal withdrawal, and this must be a concern 
when using large doses of any narcotic for an extended period. 


CONCLUSION 


The critical care management of the pregnant patient has been 
discussed, with particular emphasis placed on the physiology of preg- 
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nancy as it relates to intensive therapy. Although the literature on this 
topic is not extensive, appropriate clinical decisions can be made by 
applying a knowledge of the physiologic changes that occur during 
pregnancy to common management situations in the ICU. Moreover, 
it is important to remember that two patients, the mother and the fetus, 
require attention when therapy is instituted in the critically ill preg- 
nant patient. 
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